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TiiE»R is tiATiUy m eliuet of riijcmrrnng omi^lriirtinii into wliich 
e3irft\-Btioti of cftrlh or rwk. t\i^» iiol t^nWr In mme E-xtciit^ ami im 
n«tiy iii^tHTnoK ^^'^rk.H cxn^vnliifn U \ty f:ir tin* litrgoAl iteiifc 
of laljor luul Hxp'jL'v^ IX^jiilf tLntt^ fnr1» I\ii^Uk[i Ltigineerbig 
lilrnttum u nbtujtfl barren of Itook^ which In^rtt of I'Hrtli and 
rock rxcuVBtion m a concise* anti conii>rehpnf4\'e nuinfjr r halving 
tr^nl fK>lh for the |i1&nnkDg and coTrkputation ot *]ivh ^vork anfl 
fur Uk- luelliotli* and inacluiieti by nbich It u iLCL<uiti|j1i«lKHl. The 
pm^^Qt book U an atu<n]pi to supply thU iMcioncy and h^^ been 
vrittm wiih th»* follo^ini? objects ehlt»rty in viow: Hrst to con- 
cvDtrut^ in a xniall volume (ir^<!rij)lion^ ui the drff^rrt'Ut operations 
wUch aro tfrquiped for planninj:; aiul i*\ocultr)g any u^ork of exca- 
vation in riUiej- earth or roek; soooinl, to cki^^ify itiid describe 
dcaHy the various implements and ntj^ohim^ uc«i(l for i^xc^ivating 
oimI lianling au'ay iKo-nrLat^rifJ. -80 fnr^irtiif^ ritthor knou'^ thcro 
is no bodk in tlio Kn^lis^ t»ij;TUAj^ vjuch oovertt tbcse fid<la> 

The cont/*nl*i of tht bftfiX, !)^iOik' summuriwHl, comprise first 
a duoruaftion of the |-rap;;K^ rvpr deputation and etdculatioii of 
cftrthwx>rit. Tliifi eeclion nH7»]ldw^d by cliaptfrsi dirscribing the 
coDilniclbon and opcr&lion of the varioiLa Duu^bint^H ufhhI for 
rxcftvating and transporting earth and rock. Succct-dinj; diaplers 
ccitu«jder the various ccethode of pJanning and executing winks of 
ftxcavftUoQ, and describe methods for deducing the coat of niich 
work in any particular case. A concluding flection deseiilwe briefly 

a iituntter of large worhi of excavation. For his inlomiatioa 

ill 





IV PREFACE. 

regarding the various excavating machines the author is indebted 
to the manufacturers and to the engineering periodicals and 
society transactions. He has also consulted the various foreign 
works on excavation^ and wherever foreign practice has seenaed 
to offer suggestions of vaJue to American engineers they have 
been taken. While tlie book is ilesigupd primarily for the student 
and young engineer, it contains niuch information that is valuable 
to the practicing engineer and contractor and which is not to 
be found elsewhere in one place convenient for consultation and 
use. 

So far as was possible the author has ^ven credit in the pages 
of the book to those who ha\'e aided him with advice and informa- 
tion. It is with a feeling of sincere gratitude that the author 
acknowledges the kindness of the different manufacturers who 
furnished him with the details of the ntethods and machines which 
are described herein, and he wishes to extend hearty thanks to all 
who have aided him in any way in the work- 

Charles Prelini. 
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TllE GRAPHlCAt HEPHESKXTATtOS OF EARTHWOBK; 
PLANS AND ntOFILES. 

Tnr firrt operation Tequhvi! wWn any eii^inrt-nnK v-vtk m 
luulerLaki^i i*,Ute preparation of plajis i-ei^rvwniing lUTurwlply 
Ihp labor to be ppTfornW; flucti pluris nrv -iWilutely 4»HMPiitial 
In eAuitating thn rt^^t of Uh." wort In |in»!V*iHiliiij^ efirlhwiirk 
ftecumte aiui legit>U> plans are particularly nec^Mary, Kinhwork 
tompriaes two opi^rat ions— the cutting down of the oUH~iitioii( 
pn^ectiDg abcftie the krvcl of the pixiponed surface, an(l ihe filling 
ttp of the hollows lying below the proposed 9Ujfa«*, Th(*»(^ opT- 
ationa are kuovoi as cutting anti filliiii;. and tlie work^ thcin^iKTK 
are oaUed euls acd fills* The prtp^ralion of plans for earthwork^ 
therefore, ecm^st^ In mpi^wntiiig graphically on paper tiie <If^))t.hft 
mui locations of the cut« find TilU, 

To represent graphicaUy the cut* and fills of earthwork it is 
mial cither to icfer the propopc<l *mfaw> to Ihc^ oriEinul pround- 
Biijface. or elsD to refer both the oniEinal and the propa*^d surfaced 
to an iioa^ary horiiont^l plane U)cnt<^l Mtyw the lowest point 
of either. This i» called the dntum plnne nnd is u^d in all ttic 
Welmg operalioiu connreK'd with the wi>rk. ITjier forais of 
repnrsculation ftn> employid: the lirst in kno\\Ti its the method of 
marked poiBt«; the sccomi. as tho method of contourlinr-^; and 
Ibe tliird. a» the mrHunl of prt^Bie and croas-aection*^. Gt'ncmlly 
the cnethoil of marked points and that of coiituur-lines air €tD* 
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plo^if^d where the work occupioji em &rea of oon^dcrnble width tts 
compared to its length, and t)ic method of profile and cpoea- 
sections where t]>c work occupies an nrea which is narrow aft 
comiiared to its length. Whichever methwl is eraplowd, th 
plan jwuat be eo IcRihlc that it will l>e easiiy understood by 
constructor, his aiipcrinleiuienl, or even by the foremen on thfl' 
work, Theao per«ojis are premppo«^d to be able to read such 
plans and comprehend their atipulatione and directions. 

MelliDd of Harked PointB. — Tn reprcwnt earthwork by mpali 
trf marked poiuta a map or plan o( the ori^ial ground-furfaca 
occupied by it Is Urst prepared- On thift map a. grc&ter w lei 
numl«*r of fixed [joints are marked. Ttiew poiutt^ may Ixi <"ithe! 
tjie salient points fi^nned by the n:itum1 flurface, or they may t)0 
artificiivl [wiinl« l<K'iit*'d hy Inmwt and mftrkiil by xt-nkrw. 
ptiinl \s iiijjcriln'tl witli n Tiiniiend ^hnwing lis vi'Tlii'rd dinhnie 
from the prupM^^'d f^urfjiw of Ihe i.nniliwork, ihw tnimirn*) Mu 
pn.'rediHl by n minus sign if Ltie dbitiinee u abnve tlie prop 
siirfiuv. and by si plus sign if i\\i^ dwtaiiW" it* lielijw ihsit ^nrfac«, 
Thu»? the rnaj-k +5 wdl mean that the ongiiia) #iirfae-> Is to be 
raised S ft. by filling, and the mark -5 thiU Uu- original «UTfSH)0 
is to be loweryd 5 ft, by cutting. 

An jdlemativp form for reprttfentinp eiirlhwork by nwaol 
marked p*An{!^ }& :i^ follows: A diiturn pUvn*^ ift chocen 
cncb fixed point 'm marked by two nutiK-ndt^, one in blnck ini 
dhnwinj£ tiir? altitude <if the orijciri'd fcri>und tiurfoee al>ov(' X\iQ' 
datum iilane, uiul one in black ink underlined, or, prefcmbiy, 
in r(*d ink, ahowiiti; the altitude of tt^ proposed surface 
that pl&ne. In this doubk; notation a cut i& indicated if the 
underlined or red-ink numcml la smaller than the black-ink 
nunieral; and, on the contrary, a fill ia indicated when the undcr^ 
lined or red-ink immeral ia ^rejiter thtm tlie hlack-ink niuncnJ^j 
Tlie difTcreocc between the tnm^ends *hoiv9 the deptlis i>f cut or 
fdl in each caw. Hius if we have a jxmil tiearm^ the numbcra 
37 and ^. we know thai the ongiiiul groimd-eurfacc ia lower 
than the proposed surface by an »im>nnt eiiu»l lo 42 -.17 -5, and, 
therefore, that a &-ft, Gil \b lei^uired. Thta fomi of rcpittscal 
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earthwork. ulUiouch ^'cn* eiini>^, ia 8eI<lom uaeH in tJiU oounto' 
except for acuftU (Excavations where great acflumcy ii* rpquirttl, 
as In UiumlaUojkB For lall buildiuK^ but it is vxtcti£i\'oly u-^Mt in 
Europe. 

Ketbod of CoDtour-^es. *-CoatouMmea are tines Joininje 
fxnnts of «x|ual elLvjtton on the ground-aurfacc. They niiir Ix* 
€oaian\ied as bcbig formed by honjsontai plancB placed at regular 
veniiCaJ "mIen'aU apart and Intersecting the grouml-*uHiice ; i\i& 
Unft wljere each plane CUU the gromid-surface is tlie coiiUnu^ 
line at tlial clevaiion or level, Tlie« planes of imSfornt level are 
ueiially taken at elevations ^ ft^ or 10 fl. apart, but may be takeo 
at much clierr iijlcrvatl?. nnd the amtmir-lmen fonneil by tlieiii 
riwv ili^iiilely tlir conr^nmitioti of the gmuiid. If we, Ihere- 
foir, iMii. im a plan of tin? *ite fif Ihr [^^►po*v! earthwork* fin=t 
llip eiiTitonr-hmv of Ibf "rigiiiiil gr«mtuU*nrraiV siiiH seciUHl tho«» 
nf tht' *iiTfi*w of the |m»jMj**(l vft^rV, w have tlien eV'arty iiidi- 
<r»iMl tin* tix«tic)n ivnd Ocpths of tht* nntainul cuIa tiinl ii\W. For 
eKiiupU', if a line of tbi' lir<l wtW at ihe '-^ft- level is er<H*«'il by 
tb' JG-fr-li'vtl line of l\w Rt'conti series, it inihcat^s that at the 
ptiint of tnteritiHMitm thi- original i*urfaci' mu&t be mtst-d 2 fl. to 
ohuibi llio propofctl surfao**. or, in oUier wonis, that a 2-ft. fill 
is neo'SaaT^*. On ths eoniniry, if thp 20-fi. Unc' «f the fim series 
I« iif o on etl by Hit IMt. Uiie of the second aeries, it in<li('aU<? that 
a 2-ft, rut is njquired. In plntltitK Iheae two fleta of <?ontour'linc« 
on the plftn thr* sta n^rrrinj; to the proposed FUrfa^o of the work 
19 tifuolly vlUiififCLualiEKl by l>em;;c dmi^'n in oolon^l ink; anuuliy 
reni ink is Uflwl, TIjc oontour-llne method of representinK earth- 
wnrk \s ernploy-ed particularly for works like re9er\'oire, drainn£c> 
irrijcalion, and tlie improvement of Bubmerpcd or liiiul Itiiula, 
Such ft i>lan ia of ^reab use in locating and makinff rouj:h eAtiin^tea 
of the tosL of can&ld. rotidi^p and railways; but in this country it 
iploycd for Ihc occurat« location and calculation of 



Bletbod of Profile and Cross-Mctions, — The most commonly 
Mnploycd inclhixl nf rrpre?>entini|; earthworks i* by a lonpiludinal 
pmfilc a«d cross- jccliona. Thie method b particularly con' 
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vcnicTtt for represent inp; wcprlw wIjicIi an- of wnall width and 
great lenfCth, aucli it* nia<b, CAttnlfl, niul milway^L Thr fixuig 
nf llie nxea uf tlicw wiirk& b* n w-pnmU^ t(u4c, niul it will not Ijt 
iliMHLHMt^L) In tliiti iKHik e*xr«j>t u> uiylt. tliAt il !t1tmil<l Ik' tlm tt^iiU 

ilitiimA iif thp niuU-. T^it n\U of tin- wurk wh^'n <«kt iWulml 
U]ioti is markiecl <>[i llie jn^uiul M-ilU i^trUu-H HjwK-rtl HX) ft. npiLTl 
aui! rium^jerPi! pn>grewiv<'lj' fn>ni ilip slnrilni; l»eiiHi'[n!iik ur 
moiiumeiil, Tlie loaigitutiinal profile is ilw line fontiftl by tin* 
mterseciion of a wriicfll plane throu;ih ihe axis with ihe sur- 
face of tlie ground. Cross-eeetionB are formed by venical plaiiei 
at ri;;;ht anglea lo the axU and an? usually taken 100 ft. apart 
or at every stake nwukinK '^le axis, The profile and crosa- 
eectiona lopether give when plotted on paper a clear graphical 
representnlion of the confipviraTion of the pround. The deier- 
nilnation of llie prolile and cro^f^^clion^ W ui^unlly aocompUehacL^ 
by the ordinan' onginecr's fcvcl. but on side-hill work or \dict^| 
obelacicfi aiv frcquonl the crosE^^wcrtion rod givce better results, 
Tlic longitudinal profile ia plotted on prcfilc paper which id eft- 
pcciaily printed for this purpow, and two dilTetvi^t .-x^aleff are used, 
one for the horiBontal distances, w^dch ia u?ually 400 ft. to 1 in., 
and another for the vertical distanccfi, which b usually 30 ft. 
to I in. The larger vertical ecak give? a distorted protile, but 
cue in which cvcxy irregularity of the jnirfacc \« magnified, ond 
ihifl is it« purpow. The grade-line of the propoNrd work h jilolted 
on this profile at its proper elevation; all ^Kirtioiit* of the pro^ 
whieh come abnvo thlf* grrMkr*Iiim nuiMUiilr i'uLh, jvnd nil \Kvrti 
whirh cnnii; belvw eonMtitutt- fdlsi. The [xnntA where Ihe graiU*- 
liiie iiilrraeets \hc ]irofiT<? arp rallrsl jhiirLt^ »t grade, hiul 
arc niJirkeil on llie ground by MakfA. 

European i*n(!;liiei?ns in phittirig the profile adopt a Bon 
what diffprent practice than that just dewnljed. Instead of «-(- 
ting the stakes ntarkiag the axis always 100 ft, apart, they s(*t 
them wlieres^r a change in direction occur* on t1i<* ^£round-4ur- 
faoe. Thus, for inwlance^ if the ground-mrfacfi ^ T*nb«antially 
unbrolcen the stakes niay be wt a* much w 300 ft- apun, but 
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K X})^ smfflice b wtt uneven tlie slakes may be set only a few 
feel ajmrt. A tieavyline U iJtswn lo represe»nl the ilatum phitpH 
•uul [iciralH in it f«iir otliPr liiirti ar* drsuii, one being (jiarkeii 
with the elevations above dntum of the gr^uiul-surffkce, another 
rith the rtevniliins abow iliittmi of the |)mpiwt><l w-ork, ami the 
!hi»l anil fourth vMki tlie |;ortl^ an<t ihi> fjru^-SAive 4atuma of 
tbe vfiiious staked or sLat'ions. As in .^iTiencuEi practice, hon- 

itiU dbiiniicefl aiui vvrt^col ele^-nliona an^ dra^rn to JlfTerent 
Fi(t. 1 rfpresentft a proftle :lmwn acoonUnjE to Anteriean 
stifet aiKl FifC- '2 mpiveenls tlie mute p^ifilo limwn aecunitiij; 
to European prnetioe, \n vrhich all o1e\nti»nd, difitniices, f^rades, 

)th3 I'f e\il3 and filter etc., are oniimemteil on Itic drawing, 
loixf^ttiulinal (JiYifile id ji:etietally supplemented by a plan 
wind; fihourt liie devx^lope*! (rrade-line of the proposfd work. 

The lonjfltudinal profile alone [iocs not compiclcly siiow 
the cotifiiniraLicm of the ground, and it Ss, therefore, tupplemc-iilcd 
by criMa-scctiofts wliich arc in eflccl lnui»\"crsc profikfl taken at 
ehosrn inlerxaU ami at right angks to the plane of the longi- 
tutluml prnfile. The«r cnriw-sertifnis are detrrnnned by plther 
an engineet'fl lev*! nt liy a cn)M-H-^timi rcul. llicy are plotted 
lu a »^sAp equal lo the vvrlti^nl kaIc of Llie proRte, Bonietinied 
im t\u* pnifilf* fYivvi. but morc nflen <in spparalc hhrplj:. l-jich 
cr*ja!-spflu)Ti lipan* a niuiiljer <-orrc!ip<iiuling lo tht- ituiiii>er on 
the proiiU' whirh markA IIk- ptnni when- th*^ M*{Tiinn was* taken. 
ITKially \\v i-n)*3^j4H^lum i» t^iken for n iliidantr rjii^h H<!e of th<? 
3xij« wh>rh w wHTiewhflt gn-ntrr limn that trmrlciiig ihr outer 
limit* ("f the pr"jeet<'Kl wnrk, A i-cmuuoTi jinirtioi- is to cp^ss- 
ft-ction a ^rkttli three tiiTies as grc;it aA the wultli of tW work. 
I'liti puq>o«; of thiH U to Liicludi- llu* t4lo|H'« oi th<- L^uta ainit lilU 
and to permit if clcstlretl the axb< t^^ Ix- shifted io oiu- aiile i>r the 
otb*?r without the necewity of delemiining and plotting new 
-w^etiona. 

Tn ptotiinjf croaS'secliona the oHpral p:round-mirfac« b denoti>d 
br a ftUl bluek line and tlio surface of the proposed oondtructlon 
i« d(*n<iled by a full line in ii>d Ink or a broken line m black ink. 
Fig. it ia on example of a cmfiB-deotion plotted in block ink. Here 
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PL.INSI \si> rnoFiLirft, 



the Kite ABVD n^jm^ntd the ori^tial gn>itn<l-mrfacc. and the 
line AKFCIW rhe surTa^^ f! tiL*- i>ro|>o^ wjrk. -l, K. onti 
on poinu at pudc. The in^iQglc ALK ^loym n iill, and tbc 




Inrf^ar fijnu^ KBCDHCF ehcwe a cut. It is common pmolico 
in both Ihc pronto Gad Ihc cro*T^s©ctioTis cither to enter the fills 
ftDd cutadiftercntly, or to use eection-liniog and stippling to \\\»- 
ttQ^uisli them. T\as oro80-wctiotis an* tu^oolly marked also with 
all ditornrioad, depths of cut and Till, slcpe of banks, ulc. Tlie 
total width of CTOPfi-scction rcpresenta wh&t French riigbvcra 
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dill th'* rmprur^ whieh U tliu strip cf lam! tKTUpiwl by thsr r-nnstruc- 
li(m riTiil wlwftw hiniTidsries it i» vi*r\' u«.fiil to know in deternimmg 
thte C(3iiii*ii*ai ion lo be paid the ownen*, 

A niodifi^ulioEk €ii the ni(rtlu>d nf pr4.i(ib and cro»s->ectiGDS| 
which Iji iii*ed in llie Public Werke 4le|)uriments of the city of 
New York, le Ulugtraied by Fig, 4, Tiie Biatioas are taken 100 ft. 
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apart* and nt Cfurh etaiioii the clevaiinnd o\ both fide lioce 
the nxi# of the ^nxjund-tnirfACc arc dctcnnioed, Theac ekvationB 
gi^'c the engineer tliree jirofilc linca, one at ciich boundor)' And 
one at tlie center lii*. of tlie work, wliiclt am plDttcd as fthowTi 
hy the lUwUnttiuTi, wiil uitTi u liiffi-rtNit-tMhireii iriX or a different 
symbol for t*ac\x Wue. Tlie Mulion-liMt-;' esli^ndeil U^Ujw tlie dnLuin 
line serves aa a biuus Tor a pU»t of ilie croas-BPoiion at eaeh slation, 
Tlie settle uaal U uaunlly 100 ft, to 1 in. horiRoiital und 20 fl, lo 
1 in. vertical, but lliis wale is varied Vpnih the size of the work. 

The method of longitudinal profile and cross-sect ions ^ nrhile 
particularly adapted for lepi^eentini; long and narrow eaxth- 
work*^ can also be used for repre^nting earthworks erf nwre 
Dt^arly equal lateral dimensions^ sueh as lesen^oirs and railway 
yarda, In such cases a series of croBB-eections are taken pt^rpcn- 
dicular to a chosen ba«e-lirtc and equal dietancec apart. 




CHAPTER IL 

MKTHOnS OF CAiCl'UATrSX Ql'ASTinES AND 
cost OF EAllTnWOHK- 

\s plountnjT «>nrthwoTk, as id pbrLnmjE any oth^-r 4-iigiii(H'riTif£ 
wnrlc, \i b tnve of ihe firet duties of The pnf^nwr to caloujalfr iu 
oort. The crfjfll is f^ven by multiplyiitiz ihe total volume of the 
work In* a fipire reprMenlinK tljc ciimmtetJ coet ]jct unU of vol- 
upe. llie tir«t thinf; to bo tlett^rniintKl m ca1cuhti»K the ccurlr 
B of mrthn'Ofk ie, t^npn, the volumt, ;in<l ia tUif chapter *t elmll 
LmDiii^ the varioup nwthodi; of performing; thi» laak nhich arc 
^^icliccHl by ctieincere. 

Aa alrewly cxplainod. rarthwirk in nmcic up of ci«5 anil lilts; 
Ihe totjU voluiTje of any earthwork ie, tlicii, Ihc fliim uf \i» ciit» 
uk) filt. 'iliis Puni i* cletcmiinc*! iliffcrently for ^^x^^k& w-hKh 
occtipy a lonig narmv aiwi aod for tt"i>rk* which occupy arx':is uf 
l^tproxicoately equal hitctul ■litii(-n^ioii!«. \Vc ?hall coft-^iiJer ft^p- 
icftlcly tliv methods iulapt<'<l fv^r ruch form of work. 

WlJKKrt UtSO /iSP XAamiW IX MiBA, 

V^n flw? nvick ic l>c done oervipiea a v^iy \cufi a\u] eoiu]i!»m- 
li^Tjy narrow flrip iif laml il i^ usually rppre«rmeii hy :i Injjgl- 
^fituuil |m)6k and ntunerous cross-section*, zi5 alreaily i^xplainix). 
Tl' iniiJ amotint of rut ami till i5 given by H»e mm nf iIh* nu^ 
w"d fills bdwpcn ll»e conwculive cros*-sectuuiA, Then? am 
*vrr.it methrHbt of clrlemuning the vnhuno of cut and fill 
J«.w«n two riinsi*riitn-ti mw^^-ctun**. Some of IIiph* nteihori^ 
lUvnl^T brig; mlndatiimH nnil pu- al>Ki1u1'' n^ulf*, ami itthera 
'''liitre <nily slii>ri, wiiniili: atkubiittfia, iuul give only appn.ixi' 
mat* rvstikML 
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FAimi AND ftOt'K EXCAVATIOX. 



Correct Mrthod— Accurately q>eaking, tlien* i* no ahwlutolr 
<onv('i ujctliml for ealoubtiiip; t^irthworl:. All ciilrulniHru^ 
jiMutite tbc solid to hv figured tc be iKiuiLdoil by ]iLiuui(, irliiio 
tlw aotufti boimdin^ ^urfscii' are irregular and undulutinf;. 

to the vertical piano jr^f^^iLiiif ihrougU ilio nxis of cuL^tmctu>ji, 
thpn the vclunw of thai Mkl ix twity (rbtainod. If o and 6 nie 
(he* atvas of ihc lun ciuirw-i'uiivi" rn>!*i-w(Tticni?. and d y thrir 
JiumoiitCLl diftnnw ujxui, thi-n (Ih' voKmu' of the solid bctYkisea 
iheae croEn^jfcctions U rt'preeentcd by 

,^ « + !*. 



It ifl, howwpr, very seldom that Iht* wjlid i* baumWI by pinned 
}>!irallel to the axi«- 

of which tie fiisl U th<' Kin,ilhrp. 

From yl and ^ dnii.v pliLiif:^ ptmillfl 

to the aKiTi af the ixKni; Uu' larprr 

crufe-wction will lhu» Ix* divLdf'd 

into thrc^ parts— tw<i triiuiflct* PJ/ 

ami /J\7f » and Uio im-culur ixjy- 

pmi UmLK. Tlie floli-l wdl likr- 

i. wi!*<' Iw 4livid<*d into Ihft^- othrr 

BolidB vh'hidi are n ki^ pri9jik<^i) 

ii:eludi^dbfttvf'eni lli<' |>i;i iirf^ parallel 

4o thv axis c»f the road, juul t\><i triaiipiulnr ]>yr.tfiiid^ with tlirir 

«crtioe0 at A ond H n?i»cMvtA\. 

1-et -■! -Ihc arra of tlic CTose-eection JJi^V^; 
H- " " '^ " " U-VH; 

'X- ' ' Inan^ mj\ 

iS" •' -' '* *' - JCi^tf. 

The voluiti« of Ihe «ilid ivill Ic, 

I ^ d+-^-J, 
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CAUTLATIXO QUANTlTTEfi AND OOffT OP EAATOWOtlK. IT" 



dr 



ttr 






A + B 



F- 



6 

" 3 



2 



d. 



Til© volume cwk wl*» W oljiamwl by graphics, as fifcowii by 
Kig. do. On A horixonia] Ib^ ilraw to any oonvim^nt ^al^ a 
eepEkcnt equal lo rf. At i>udi 
fxiremtty of lh» »pw«^ ^^^^ 
tile pCTpcndicuIfir* nnd lay 

A mul to B-!^Tr^ respectuTly. 



D-^ 



Fdg. Oa. 



IV^ f«gnu?nti^ will contjkiii as 
QUiJii; litii-nl tinifft 1U4 t)k(>re arc Uiitta of Furfiit^e in tJic |.«vn aitTi?^. 
diMT Uie fi^irr by umiiiif; C nin\ D, i\m\ i\w iu^x^t-tM ABCD 
wiQ avUniii sn iiiaii^ uuilA of tnufuce uf^ tWre nrv titi'iLH iif viilimii* 
iDC^Ieil EN-ltn<4^n tiie l»no CHM^-M^ctuniA A Ami fi. 

Prumoidsl Formula.— 11 r Joliii D. lleiick^ H.R, In his F*e/d 
£0oJt /(rt- RndrtHvi fintfineerjt, t^ayn Llmt any j>ritnK»ui ojm bt^ 
UK'klMl into pru^mK. uT>(lgc^. ami pvranikU at equal ^iltkmli*, 
awl it? volume taji bp- I'aKlly r.>l>tjil[ii^1 frnni the muii of the vol* 
trnvn of Ihr \-imEiiiK wtliils etiIli u-liirli it Tins Iv^rn <livicl^]. ]j^X b 
he tin- 1>?iH^ of any I J Hm II nml li-l a Ih- h.n itltiLuilt?^ itn vdiune 
will I Urn bit given bv 

If b r^prefv-El llie bnae of a i^ular wed^, or lialf a immllHo- 
pipedoii, and a n^pt^e^ni it* ultitudt^, its volume will be given by 

If 6 rcpr»cDl the base of any p)^!!!!!^ Avith the altitude a, 
Hs vohnnr will be 

TV combin^c] voluuics of thrac three bodies admit of a coiiunon 
expn^sfliou w^iich may be found. 
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EARTH AND nOOE E]CCAVAT10K. 



Lrt m reprcivait the mkltllc- urea or ciUier of these H»li(Ii% 
tltat K, i\\t.i itn*jt uf u M^rtinii paniUrl to the baw and mid 
bclwwii {]k lww*e niu! top. 

For ihi* prism m-= ft. 
For the w'wlpe m = i(j. 
For ihe pyramid m — ^fc, 

Tho upper baic of the prifon i:^ pL^ual lo t and thfi upper mi 
of the isTdgc and ])>-miiiid axu each aero. Then the expreasJo] 
ofe, Jrt^, and iab, repn^s^nting the voliimw of the prism, wcdj 
and pjTuniul. miiy be thufl tranflformeih 



Solidity of prijfini 



ab = jjX0^-g(t.+ ^+4t)-g(6+il+4ff0- 



" " WTiunidiflfe-Jx26-J(0+6+ A)-J(04-&J-4jn): 

TTfnrp Ihe wiliditv of <-ill(er of these l>ixlics !» found by »t1di 
liigelher Lho aipa of ibc upper bafic^ the area of the loH^r 
aiid four times tlie middle area, and multiplying the mm by 
oriP-fristh oi the Miitude. Irregular wedges, as thoM not imlf- 
pamllplopi[x.*don»^, may Iw ineAffurrd by itw* Tt^iiR^ nilp, siiiee tliey 
are Lhe Hum or difTrrrnec nf a n'gular ^rdgt' mul n pyrami d ^ 
of cnmmon a^ltitinlt^ ; nnd fvt I fif' nilr itppheH to l>nth ihvw btKlig^^f 
it Hp])!!!"?* Ill tl»'ir sum or dideivinx', ^^* 

Nim, a pmnKi'ul, l>eiiiK iiiadt" up *»f prisms, ^vedges*, mid 
pymmlds uf coininoii altitude with ilwelf, will lia\'e for lU wilulity 
llx^ hUJn of the J^oliditiea of Ihi* eonihinHi solid^i. Rut lbe sum 
(lie aread of the upper ami lower bawcs of the coiiibiiiE^l sol 
19 equal to B^-B'^ lluf xitin of llir artax uf lla- ])jirTdlel faces 
the pri*nioid; tiihI ihe hlui cif ihr niiildli- an'iirt <<f iltr rorubii 
«olid# i)< equrd to A/, Ihe nil^hlUr an'u of ili^ pmnioid. Tlwrt'f 

which \* the priMiiiiiilnl foniiula romiuouly ffMiiiloj-n) in 
calcuhtioji tjf t^ftfthwork. 



CMJjCXJXJCnXG QrAXTTTtES AXD C06T OF KAimrft'ORK. H 

Th^ fonuula caii jibo bo puphlcally represcnteti, since It coo 
be writi^ 

S^'^ r^ . 

iw «i inili^limlr homunhU liiw nmt lay off on a con\Tiiiwit 
9Cnk a Pf|aw-nl cqiutl onMhinl llje il'istaricc bi^lwt>oii the l^-o 
CToofr-wctUfDB. Al Ms rxlremities citct ix*q>emliciihr^, anil lay 
off on one ibc ft\im B^B^ »nd on ibo oilier the* ami -{M. Clcee 
the fifiunr lt>' unilii-g C and O. and Uic Ii|:uit ABIU) will contain 
Bfl many units o: furfac* a* thcn^ arc unit?* of vohinic \u tlic pri*- 
nw>id included between the two nx)»-«fction« ,4 mid B. To 
calculate caithworis by eithtT tlic corntM method or by Ihc pria- 
iuoidiil fonmib, olthou^ \\<A i\h^\rMFv, \a a Icng and tedious 
openutcMi, 90 that It ia conmion ui ikctiuU work tc ndopt more 

Mmb End Arena- — flue f^uitpleAt niethoit nf cAlcnliiitng iwvXh* 
WT»tk i?* by :i\vr.j^iug tlie nreaia of lb*' two end set'tifirA imd iiiiil- 
iTplytng ib'w MUu by ibe di-slmieps lieLwpcii X\a' <:Tii»-fli'rtujiiK Tf 
A ADrl A ftiv \W HFf^A o( Ibe Ta« rn>H»<-$«^LHmB :i[id d U t.beir 
ilitftADca ft|iQrt, Ibcn Uip voiuiin- i» ffi\T'n by 



■ 



r=^.. 



Tlw volume of the prienioid thu* calculatwl ig gr^ler llinn 

ihci voltmie oblam<HJ by tho correct nietltxi, the difference being 

1 it 
■— -, <ic bttif tlio voJuiiie of tlie two pvnuoiiU wpjirtttf'd frym 

tlie ptiwnoid by m<-(in-< ol t^xi \'crlienl plart-:; ptv-vini: through 
ll»c cxtcfior ends '»f tin? »na1lor cri»^**-t^*etion unci |>aralkl to ilie 
axi' of the primnoid. Tlie error mil il*'t'r*'jwo t.ho ncaRTthc ver- 
tical bounding; planee ore to W\i\}^ jmndlrl wilK tlic nxi^vl pla:ie, 
arut it will inereaw the moji? the Ixjunding ])Uiiir^ dKvi^ from 
a pandlel to tlie axial plane. 

The r«lculAtkai of the volume <if eartbwurk, by a\trs^ng 
tbecBd jkreasof the two croa^^ctiona, ia performed in tvrodiiTcf^ 
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Excavation, 



cut T*-ay*» oitlier Ly nipftnirinjt liltectly ihe f|U»iil itK>]< of culs ai 
fill* iiiHn(?*'*l \^i^!ull the fHiWd, or iiuJin*frily by tiiking thf.' a\i*TafS!^ 
of liio qiKimilU'A of tula ;ii«l fillM it* the Iwo end tiwiv* iind nmlti?^ 
plying it by tlicir distance »part. 

/JiVtfff Mf&\cd. — TJte direct method i§ more cfim*ct, although 
it Ih rit^ro ccmiplicate, and all the diftereDi cosefl which iiiny 
«llCOTii»t^n*d will \» considere<l, 

Iwt C(i^. Both O'OBft-eociions in Cut or Both m Fill.— Tliis 
OABc JiEis already boon considewd, and the volume le ^veu by 

y*B — :t— tf- 

Tliis maimer of niea^iirini- the volume con be coiD|)fiTed with tl 
flwa of a trapcBium, AHVli, in which Ihc paraM sides and the 
altitude arc n-s*p<u'tivu!y pniporliimul to the arcaeof the twocrusa- 
0cctiou« and their disfjinoe (Kijz. 0), The tnikpc;eiuiu will conlaiu 
c 



Fm, a. 



HA iniLny unit^ of surface as there arc iinlttt of vohiinc in the 

LM Dise. Ore eection, A. in Cut tiiid OoB^-Beoiion, B^ 
rill.— The volume of the cut isifiven by 

c ■'' ' 



Mlit 



Aiid that of the fill b;^ 



A+B2' 



fl' rf 



Theee volumes aw: clearly indicated \iy Rrapliicfi fPig. 7). 
the liunKonlal line AD tiJic a segmciil equal d; nt itsextn-tiiUI 
*Tect pciiK-iidiculora in opposite directions. On one biy iifl 



CALCULATING QUANTITIES AND COST OF EARTHWORK. 15 



segment equal to A, represenliDg the cut; and make the other 
perpendicular equal to the fill B; unite C with D. The point 
will be the point at grade. The units of surface in the triangle 
OAC will represent the units of volume of the cut, while those of 




Fia. 7. 

the triangle OBD will represent the volume of filh The quantities 

of the cuts will be given by -^^0, and those of the fills by -^BQ. 

From the umikr triangles AOC and BOD we have 

A:B~AO:0B\ 



but 

therefore 



OB = AB-OA, 

A\B = AO-.AB-OA 
By.AO = AxAB-AxOA 
By(.AO^AxOA=AxAB 

A0{A^B)=AXAB 
AxAB 



A0 = 



A^B 



A 



AB being equal to d and the quantity of cut being given by wAO, 
then 



A Ad 



A- 



2'^A^B -4 + B2 



1« 



RAi*TH *\n Krtm KxrAYxnojt. 



In a fiimilar way it t» Touiul (kit ibe fill !i ift equal iv 



B' d 



3d Case, Cue Crogs-ecctlon in Cut or Fill, luid.tho other Cro»- 
KCtion Farl b Cut and Part in Fill (Fie- S).— The »cond «cU<m 



'.■ "J' iP'r-u-' 







Fto. & 



being part in cut and part in fill* the line of the project will intor- 

sect the pround'jiurface nt the jiniiit O, Ibui* divKling this croas- 

flectioD into the part^ B and It^ tb.^ fcimier in (ill nmi the latter 

in cut. Imagine a %Trtical pkine [>a.ving through O and parallel 

to the axb* of the construction; 1M^ will diriik th<* first ei 

Taction into two \yaiU, A and A\ both in lilL The volume of 

fdl at the left of tbia ^xrticul plane le gi\-cn» according to tlu; Ij 

^ + -4 
e&m, by — ^-*^, find the volumes at the ri^lii-ljjind mdo of 

8omc \TrticaL jiiaae arc given. Aecoi\Uiig to the 2<1 case, by 



eut 



Bi' 



£-if,2 



T Hnd 



tW" 



H" d 



B-&2' 
f 



OUOCIiATISO QCANlJTllia S.:H> COCT OP EABTUVrOltE* 



i: 



So Ihai tlte b^lal viiluma of the ioiid will l« 



Cul- 



»,* ** 



4th Cftw. Both Crr»w--jwcik>n!i aw* Part in Cut and Part in 
Fill. -Aini Hie Points al OraiW CurT>''^[x:tm) wUh ttw? Axir^ of the 
Constnictkm ^Ig. 9). — The volunirx of th<^ cutA and iills niv f^at- 




Uio first case. If a \Trtic?il plunc tft suppftecd to 
the aija of Ihc conf<tniclioii. v^r have at iho Itfi hjuid 
two ero9»-0tctioEif, J and B, bc»tli id Kll, nad the volume vrill be 

given by — ^ — <f; at the ripht-hand huIc of the vorticsl ]>latie 
th<*re are Iwo wctioiin, <1 ^ rind ^„ both in cut, nntl Iho vohiine u-lll 

lie ff'ven by ^-^ — 'V, Ketw^wii Hwre tWE> ^^ross^wction* va 
shall haw 



2 



Cul.^, 



and Fill- — r. — o. 



fl 



IS 



BAHni A!fD BOCK BXCAVATIOK- 



5tli (Vftp. Both Cr()»"-w<'ti'wis nro Pari tu Cut aihI Part m 
FlU, but the Pointi* Jit Gniile :in^ mil Alorif; the ^iiie Vertical 
PUne. — Frcnii tlie points at gmile and O^ Fig. 10, ilraw twD 




Fw. 10. 

vertkal pknoj parallel to Ihe axie of the con^tniPtion. 
plaoos will divide the two croas-scctions into three parte, A,A_ 
and/f, B„ Hjt> respectively, Tlic volume of the solid contai 
between these two croafl-sections ia the sum of the euba uid 
of these new aolida into whkh tho former solid woi* <iivid*:d; 
they urc limited by A and U, Aj and Bj, A^ And /J„, ,1 and 

J I JO 

b^ing botli in fill, the volimie is pven by ■ a -rf, Tlio 
vlj IVing in Gut imd B, m fill, the volume of the cut b ^vrn 
'j 1 g, and that of the fill by , '^^ ^. Tbo eectione J^ and 

Bn bwing both in ciilj the volunjc ii» given by -^ — -d* TTc 
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total %'X)luiDC of tbc solid included betutvii t]m twv crom-wctiona 
viUbe 

Indirect Mfthod. — It \% ^A^i^r^ allhouph lea Aeoumte, to 
calculalo tVx vo1ani(*A of tli^ carlh^rork by the m^an end-ftreft 
m^hod in an indiret^t \rs.y, and i\\\^ in done by i\ie simple coa- 
Hructioc or labkK in wliic'h arc n.'cord<!d ail the data and ?alcu- 
latioDf. Thp follDwing Isiblo, taken from I-cnli. pvo& tht? method 
pmploj'od by tlw Ikilbti g^ivprnmnit ciie;inccr5 for calculftling the 
volumes of carthii^ork. "ITiw U oblninofl by marking: pcpamtoly 
llic ar«a ol the cuts and tiJli^ rn i-nc\\ cro^i-«"Ction, ami thi:n Ifikiii^ 
Ihc a\TTii^ of thvnn-afli't cut« (iml fills Ix-tft-wti twoconj7*cntive 
crow-a'cttoitf. Tljcee nv^frnfrc^i an-it:* are multipliCHl by the dis- 
tatire of tlie croas-uction apart, imd thuA Ihe volumcfl nf the 
i-ma and fill* arc <ibla"med. 

Thr Liblr for ihe iMlciilation cf the earthwork contains only 
eight cohmms» but a few ntljerv are lulM in onlrr fo kci^p rf*con) 
aotl for ealeiilntinK u\m> live arnnunl of thl^ liifTcreitE kind^ i>f ^ail 
enconiilen-d In tlit^ exeavntion. In \]n^ linrt (^uIuuiel arv n^c^ordeil 
(bP varhnu* emftfr^tHnioiis pn^grT^ivi^ly ; \xi eolunkiifi 2 and 3 nw 
markeil tlie aipa of tl>f cut or fill iu the cnrivsjHTnilius enj*^ 
«erttun; in etdumns 4 ami Ti are imirked l!ie avf'in^ed artrte iif 
the cutA aiu} tilU hi*li^vi-ii Itie l\vx> e(tii«eentiw eiMs-<»«^liaii^; In 
roltiron 5 am r'rord<*ii the difllances bel^s-een the two consecutive 
rrow iceti^»n>^. and In column** 7 and S are giv<*n tlic volumes of 
the nils and ftll*, or thi.' prwluet* <if cnUinmK 4 ami 6, nnd 5 and 
6, fespMlhifly. The mm of W"hinin»7and 8 v.-\\\ giw the total 
Ainotint of nit* an^l fill* n-tpnTt'd for l)»* nmM nirtinn of the n^nd, 
ftfl Indicated by ttx- hiUfEitudina! iimfiif ami rross-si-rtuin. In 
oolutnnEOr 10, ami II an* ii>cordM iTie :tfuouiiL of t<urth4jf l^ie eut«^ 
Claeafied aceonling lo their resistance. If tliey am of \'(?geinblo 
fjound or loose soil, in column 9; resifitant and compact soils, aft 



^ 



2Q rURTH AXD ROCK KXCAVATIOK. ^^^^| 


clay and gravel, in column lU; anii in colomn 11 the rock. ^^^| 


oilier column U muuUy added in which are nworded all the <Aj&e^^ 


rations relatinf; to the work. It i», howo^Tr, to be remembered 


that in the lirst column, a^n for inHtanct, between acetiona 3 anil 


4, ff and G, and 7 and 8, there arc suppbmfctary croe^acciionfl 


marked I'.U.; thia mcaiiB pointi^ at gTad^\aml ihey should alwa>'a 


be recorded, Theae pfiinta at grade arc giwn by ftTiting ui 


columns 2 and 3 the Nimc valu<:'3 of V. ur C. Itiat are mjrk<^l ^^H 


columns 2 and 3 in th«: couscculn^ crosts-orctioD or the auccessi^H 


one, ^M 
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^^^ French i-ngineera use another metliccl fcr calculating iht 


^^B Mnl amimiit of cuts and fills In enithniJik i-xcjiiuliuiiK Tlvrj 


^^1 ilo ni:t take tlie a^vnige of tlic two cuiisecuUv-o cn«fr-flPcLiui&t aa 
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tbr ItA&m ^nicmcvrft <ln, but ih^y cdculivl^ ^lirrrLly tlie Bolidfl ^H 
conbuiKxl beii%t«n Uie lu^ rm^^-^clMmfi tu^ \t\\\\j\% u tori^Taiit ^H 
litfe aiul t-r|iui^ U) lliP fv'LtimL iif thr criw.'^-n-ctum.'* (^nn»ii)er^l. ^^M 
Be^blft*, rm ewh fniHfunNrluiii Hnty nilru1jit«- McpiinLliOy ihf* [tor- ^^M 
X'ttmi* at Oil- nK^it h»i1 h'fl nf llv :ixi? iif thr cnn?tlnirtiiui nml ^^| 
Riakt' ujf II tubli* uf (4-M cultimiis, with nn iicMiliuniil out* fnr ihe ^^| 
cittfennliunn n^giinlmg tlie work. The sunu; vt columat <! ami ^H 
lOgivf- t1i«> tmul amount cif lfif^eiiI>KiuL(l ftlh, rr.^|)e'etUeK\ r^'iuireU ^H 
for itie wofk- Tlie following iabl(>, lIliL^lntriug tliU roettiod, is ^H 
Ukken frocn Daries^ ^^^| 

TABLE ^^^1 
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min^ 
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a 50 
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> ■ ■ ■ ' H 
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4.te 
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M Um BWnbm &r« tn nwtcr*. mnd oonficquonlJy tor n distmicc of it^5 
noleis vill bt 5dld cubic anient at tut* uiil 447P lubii^ avten of hltinga. 

Profile of UasfiPB^FroEri Otr- rrKl-nrrfi mrthncl }V^i\ in thr-* 
calndation of mrlhwork air N* itiaiW i-imHtrurlt^il tite [tnifile nf 
ibe nvuv^tf", irhirh it T.hi' gmphioil n^im^H'nlnTHiri of rill llie mttn 
and filTi* TP^jiiir'd W tin' wijrk. Bcfliili's, it will jjivc si cdrrt'Ct 
ides in wiai ilirrcliftn, »'iih(T Ujiigiiudintilly or triiii'^^vrsiilly tA> 
the axi* of tiM* PoiiMniclioR, thi^ ourth slioulil l>e moved from 
their pri'itrm pn$iii<vn m order to reduce the grountl in the ni&nner 
\ndSviiif^l in Ihe project. 
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Considering, for inWancp, tho cmew-ffPtionfl who* iliniciwomi 
ftud calnilftlion of tlifi (^nrthwHrV jin* jrivE'ti in Tnhk' I, the 
prnfik^ "f flic iti^wr'S lh ilrwwii in tlit" (cJlowing [iiniiti<-T, A hori* 
a<mlJi!lim%Xy, n-pwaiTiUHtl^elfingiUiilinal nxiat>ri1ieeii.if4l.niriiim, 
Huil iiliing tliU ait* rTmrl(i-il i>i'iiU* n-iiri^-ft-iilinj; \\v^ illtilitm'^'H fi 
ihf variaUB crurft-^cliuua ivitin ihe oii^il Tlie urijiciti in our niw 
will be Hi tlie cHMW-seciion 1, and it must Ih» taken a disiaiiw* 
siloiig-YK equal to 30, w> :\m to iiave tlie point of fU? cnips-spctian 
No, 2, ami then anollier wgnient vt\U3\ 18.80 will indicjite th9 
point of the H^dion 3, an<l 12 02 iiultralc? tlie point at praL\e, and 
ai^ajn tlie dwtanci? of 2^.60 froni (hiM wilJ gvw thr location uf tlie 
croflft-wctior 4, anJ so on. In a word, ah>ng the hcnzontal Kne 
AT Jtre laid off wginpnts n-prvH-nling in Hnk' ih*: dii^tances a{iait 
of the various cro?«4-se('tions_ At xht'V*^ point' arc CTecte<l per- 
ponclicular lines, juid on lliew an> lii"! <itT w*pnf'nf&' n^pn^sr-nting 
Iht? arcA of the vnrioua cro^s-aections, Tlie *^iiienta rcjircwming 
tho trxiU t\TC laid off nUiW the homontid UnCi mid thoso ropa*^ 
minting the fillft are laid off lelow. The sonle uw>il lo reprt*iafnt 
the areas in uciUully diffrnmt nn<l miwsh larger thun the one em- 
ployed for the ditftmioeB. Station I, in which tlioa* nn* ncithrr 
cuts nor fiUfl, g» indiented in iht* tablet i^ ttie ori^n- 'Hien ulong 
the pi'rp<*iviicii!ar enacted nl tlio etutbri 2 above la laid off a 
K'giiicnt oqUjU Lo 3.62, n^presentlng the cut, and bolovr anolhcr 
«qual id 1.12, represouting the B1L On section 3 above there is 
A cut oi 5.46» and btlow a fill equal i(\ 0/)0; then at tlie |>oint 
I'.iS., wljjch is distant 12.02 from station <!, tlierc are no more 
ftUfl and all the acctiona axe in cuts. Tims there is found on 
section 4 ft cut of 12.2S, and \Q^ at the station 5, At a |>oint 
1.3*j from station 5 there is the point at grade I'.O., beciuw the 
fdU be^in again, and it ]» found to be 0.40 at station 0, wiuic ihe 
cut is lO.til. At ^t&tion 7 ihe cut l^ G.76 and the HU 4.31. atid tlie 
enl,-* come U> at the P.O. 14. S fimn slntion 7, Tlmi ■■•tatifinft 8 
and are Jill in IiIIp, :uid st'gnienl;* vi{\\i\\ to 9.54 ami 22-IU, cp- 
fipeetivrly, xrt* laid off. Connetrting all llie poiiila alNivr the iiori" 
xiiiital I'tne -YF^nn inrgular %«rv is obl^iimnl \;}»rli vk\\\ itrnXstin 
EiH ninny uiliIa cif auifitec mi then.- an? uiiitd of vuluuie in lliit 
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to be nuHl^; whilo the inrgular figiin* billow thp line A'K will 
have a< ihaiit umU ff «urfjicH ru* th^-n' aw wniu of volume id 
the filb< to be made, *o ah to n^diice iht* i>n<i«-rLt ground-^urfacc 
as n*quirrd by thin project. 

Thi» dlngnUD. gi^vn in 7i?. ll> giv<'« a clear :tlea of thu tlirec- 




a *i 



Tta. lU 

tioQ of the movements of the riiuft^es of e/irth, the porti^^rLH Ihnt 
ate compenaated cm itie aanie crr>»4-wction, and thoat which 
haw to he transferred along tlie lon;oi.uJi[mt axia of the road- 
It is the real grapliical repreaentatiou of the cut« aiid fills which 
18 required for the consiructioTi of Uio work bciween tlie two 
Uniituig cro»-weclit>r-8 1 ami 9. 

RoQgb Calculatloa Deduced from the Longitudinal Profile. — 
In snnif^ |«rlk'4]]aT coivf a rough €»lrulatinn of Ihe rarth- 
wnrk T-hn h« obtninnd in a very j^impli- wuy by hiring rliirctly 
dedueni fnun th** hmgitudinal profile of tlv jww af the conslnic- 
tinn- The ti<ilhuii< wnric of enh-tihilitig idl Ihi' vnlunif of Ihr 
priaon^ tncluilnl withui thi^ vnrioiis rniK-Htt^'tidtir^ in hi IIiib inuniipr 
dl«pf*nMHl with. But ihw inethiHl is jumhU- ciOy wlteii the 
furfiuv of ths» pivijt-ct irt pamllfl to the ^>umi-HurfflCf. It eon- 
in caleulalin^ tJie volunies of ilie cuts aud fiUu for the 
A'nrioiJft portions of the road. For each jwrtion whleh is either 
in cut or in fill calculate a standard cro§B-section \v'how dimen- 
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ftSon? arfi the fl^'*^^^cf> <ltnicnsioD4 of the ^'atioufi crosB-eecticms 
of tbis ^x^Ttii^n of iUc nxul. Such rh as'vra^ aivft multiplied 
by ihe total leiifctU of lliP eoiu^itUw'*! prtrtiori will pro tlio voluntfi 
of cut or fill lor that portion of the rwuL U4.^<nlini; Iho Parae 
operation for each of Hie various portiona into wMcti the road 
ha£ been divitlotl, the total volume of the cuto anU t Ik^ fills required 
for the work can bo toeily deduced. It Is obvious Ihut mich 
a infLimer of calculftims Uic volumoBof the cuifl and fills wo 
be entirely vmrng in ca^n^ when; the crose-^cctiooa were 
in cut and part in Eill, and in caw^ m which tho euriaccof tl:kc 
bed ia inchned to lh(* gnnimi-r^nrf^ioo, 

CalcuUtion of Earthwork Exteoding Over Large SurTacex. 
So far v<v hurr nn-icwtvl €\uW Hu' viLri<iU£i mcthofls of Cfllcululiijjc 
earth^nrkp in works crtatiy f.'xttrndui£c in li^ngth while the wii 
(jf Ihp eonatnicuon yvuP' vt*r>' narrow. But llit-n? are caacs 
which tht^ work ixttnds 1:1 widtii aa well as in length, nnd th 
chiefly happens in the conslniction of BtoTa^-re»rvoii-s fur 
supply of water to tlic cities, and "in prcp.inng larnis for irri>j»' 
tion, for industrial and other piurposrs. 'rhc calculatiDii of t 
earthivork i:i llica? cases can be performed ia tliree ilifTerv 
waya: by longitudinal pr<>tile nnd crosa-acction* ; by Timii); t 
giwk' at whirli the hind wlnnild U- nuliircTl smj Itiat all thi* c 
nmy 1k^ rniph»yril lu fill in all the cmitiit*; nnd finally to ndcuh 
din^rl.ly f.h<^ <|uanlity of earth to be reiDO%vd so na to mlnoe t 
Iwid t*i thi^* n*(|uired j^nidt". 

(I) Tlie nu-ilnnl of cidoulat'mg ihp volume of earthwork 
niean^of Kingliudiaid profiU'und cro>E#-npctinn^ in identical with t 
one /drpa<ly dt^'rilnd. At fin»t ihr to|ingrTi]>hicjil wurvey *if { 
land i» tnadt.^ l-y ranging on the grtiund n hiv*t^Hne as nt*nr 
puiislblr^ to thi:- axis of Ihf. iifj^f^. T\u^ \st im*t\ in ihe nnme vnty 
fi»t tki* n\ht ijf till' ennHnH'liiiTi In the loritcilndhml pn>filr, Tleu 
ttlun^ lUH every ILM). TitJ, -mmI even HindWr itundier of fivt apart, 
ile|x*ndiii|C »i|K>n (lie ile#;ret' cif acc^umey npcjuIiiH] In tlw* work, 
are pn*cled pri«'ndicular lines an<l the vyrioiw alliLuden <rf I 
points 100, 50, 25, or 10 npart right and left from Uie axis 
reconleJ. In thU tiuinnf^^r urv made the vvrioiJK c]tH«-seeti 
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fttul ihe line of the pro)ect ie drawn. Tlie parte aboxv or below 
thJH Ibo rrpn^fieiit ihe cuts and ti)0 gib required to reduce tlie 
ncluid jcruLmil-eurfaioe to the i^quir^d f^radea, and are marked 
for m€h wctioR. Tht ^xttsefi aicos of tlie cute or fills ci the 
c»in«-eoii\"e CTOe&-eectionE luultipliej by Ihoir dislance i^ill pivo 
tiie Yuiumcd o( tine cuts »id fUU betnt^n iinnu By caScukiinfi 
tlie cuid and fills requirM betfft«o all tho varioufi croe^-ft^uona 
if olrUineil the ealcnltktion of the total amount of carthnork 
r^iuiiwl for Ihc work. 

Tl^is [ueihod i* very mmple, nud It ift the cur moet commonly 
«*aittlo>^ DD pmctirol T\TiTk*i Mid i1 may without great error 
be «ud that it t* the only one eniplowii in ihii* eountry. The 
cakulaticm o( the cftrthwoik for the J<;rome I'ark lli'i^cn'oir which 
w DOW oiulrr conMmrttw i» tlie Bn^nx B(Jn>iL£h in eoTineclioQ 
with the water-^pply for the city of New Vnrk i* ilone exclusively 
by tne*itf of lonptudiiiAl profile aiui cr(>flft-ft^c;lioii nnimlhr*tnnd* 
in^ it ocru|)v-a » stretch cf land exteiiiHrif: htv lU'iirU t) niilr^ 
in lrog:th and j of a utile in ivullh. 

(2) Bill 'il nm\ Kift|4'ii ihal it. wdfwired to know ihr e1f-x-;uirtn 
of 11 pbiti'' nl nhirli iSih l^iiid ^h(>u1d !■- mhin-d in cinler Ih-it M 
the «urth f^xc^vnUHl from tlie ciitA may lie \imhl to com^ieii^qit^ 
tl»r filU- For eoiiwnienee mipjx'te a |HjlyRt)nal ama A&CDE, 
Kig. 12, for which it is ilivirvd Uj find the altitude of a |)hm« at 
vrhich nil tl« cut* aad fills will be comi»nsaled. There I* an 
interior pobt O u-hicb is the [iijrheiFt of all. Conneeti»|£ tliia 
point «ilh the various vertk^*! of the |iolyiron ABCDE, tlifi 
Offure ft-ill he div^W into a wrie* of trinugle* AOB, BOC, COD, 
tX>Bt EOA^ The alliliule of the vurioLW point* being givt ti a« 
indteated «n the lipurr, IIh' volume of the earth included tjcl^vocn 
a pven dntuni plane SLiid Ihi- groiuiil-^urfaw mil l>e ^gviMi by 
the Bum of all the iriarimdar prism* havinfi for bases tlic various 
tnonjdcs. the corres'pondinjc edpiif vi the prisma beinp tin- iiltitudc 
from Hie pivcn d,^Him plant. ThiiK. for inntnnce, tlie cdgew of 
tlie phfim tuivinjE for a b»«^ the trianclir AVIf will be ;*, 15, mid 5 
mpecrtU-f^ly, ^^^'^ 5. 15. t"id 7 vnll be lhot« of the priflm Imvintf 
lor a bMC llic triaiiiclo BQ(\ The volume of oil these various 
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pnsiTiB divided by tho total nrftt of llu* po1g)-on ABCDE will 
gi\« the iikitiide of l!ifi ortiti^ate ff ot the horisont^ plane 
equal cu1« aiiJ fills. 




am 



Fig. 12. 
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Cu, Ft 



Volume, 1600Xy-ll,60a 

Volume, 1378X^»12,402 

Volume. 1188X J- 8J12 

Volume, 1087Xy- 7; 

Volxmie, 763X^- Ov849J< 
Volume = 45,710., 



The altitude of the plaae ot equal cut« and fills will be giviin 
by the volume di\'ided by th« area, or 

V 45.710,332 
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Tlir horixnoUiI plaor <lra«-ii al an flUUutIo of 7.67 ft. inmi \hv 
IftHirAi p<)in( f> uill in(**r*ii:I Oi»' shIh* wf flur vnnous l.rmn;d<-t( "into 
vrliK-h tl»r* {xtlvKfiii .iIf(*t>R njiA *li\"i*kM.I^ at llin jxiiiilA a h r d 0. 
I'nitmfc now Mir?«* [4>int.^ with O, it will follow Ihai the aiva of 
tfiij> i»-ft' piilyjfnn will U' r^nml lo Oh.' Kum of Uie areas of ilie 
\imiHXH iri:Lri|c^-H iuhi wliicli thi» new poly^^ ww* divided* 

Thus %v ^mf) hftW: 

Arcfi hoa - IIKOO 
An^<<W - 1:^.75 
Ar»«Oki - cm. .1125 



An-a (if tl>e polyg^^u ufj'v^e-' 218^ < 2125 

Thn nhitwleof Osbox-e llie plaiioofcltf' pi^1y|Erin nlx^^ ijt IS— H 
orla— 7-$7-7.33,aiul iIm? volume of tiie cm*^ will h^i^ivon l^lhe 
pXTuniiil Iwvmif the poiygon abode as a ba» aad iis vertex. 
ODil con9e<)ueiiUy it trill he 

7 in 

(3) In tircier to calculnti? iJirectly lit** vi>]unu^ of ihc cuts 
i^idnnl to Tvduoe a tract of ^^rouad to the rM[uin«d IH^^t 
kBpBiftir|4>r tlie former eKninpIe ami Bijp]K>Ae we nw lo miticc thfi 
^^uthI lo the ortlinate H above the given datum pkne paittting 
thrt>U|^ Ok point D. V being the actual volume of tlio <yirth 
ubove ibe datum plane, All will be the volume of the earth which 
wUl remabf and tht excess lo be Imuled away wUl lje V -AH, 
white tlie volume of the oarth to be used in 6ilinc wilt h^ 

r,-fr+-i/o- 

For sake of simpltcily euppoei^ v.v ha\'? an area of roctanp^ar 
rthatJP ABi^l), in i^hidi the vunuiij. aliitude^ of the prouiiiu^nt 
pomt3 arc marked in Fii?. 13. their dibinnoft^ nlt^o being Riven* 
Stt|ipow now that il i** n^fjiiiivd (o mluir llii?i jcrouivl to a h(tn- 
lOUtol [daiiG at graile vn\\\ tlur pouil K, whor^: i;r<lm;Uc is 12 it. 
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The area of the surface ts 3500 ^. ft.. And the vohime abov 
the ^ven datum plane after the wor^ b done will be 

12.1 -42,000 cu, ft,, 

1] 




whik the actual volume above the datum plane is given by tb 
nun of the vanouH volumes, as follows: 

70X21 xH±^±i5,-35,«)xi2.66= 9.305.10 



2 
50X28 



X !r ^700,00X13.66= 9,562,00 



2 '^ 3 

5.iXlft.51 124-13+15 

70X17.5 ,10+12 + 13 
2 

."lOxlfi 



-X 



= 509.02X13.33= 6.785.23 
= 612.50X11.66= 7,141.75 



X^-^^^y^ = 450, 00x10-66= 4,797.00 
47Xil x^y^^ = 493.50X12.33= 6.0^.85 

or V=43,675.93 

We find, therefore, that the volume to be hauled away is 
V- 12^ -43,675, 93 '42,000 -1675, 93 ou, ft. 
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By proportion the vertices of the broken line GEHl intei^ 
ectiiig the horizontal plane of reduction with the surface-ground 
je en^ily fixed. Then we determine the area A^ of this cut 
IIBCiiE, which is 

V, = FiH^BFL+BCF^-CEF^-CEG^-EFH^ 

3UX19 35X14 28X50 55x18,51 55X9-4 24x24-5 
"2"'~2"^2''' 2 '^ 2 '^ 2 
= 285+245+700+509, 02+25S.5+29i = 2291. 52 aq. ft, 

nd the volume of the cut 

]',-294.5+245J + 700i + 509.02t + 206-25i+300.12 
-294.2+326-66+1166.66+678.69+67-83+294.00 
-2828.04 cu. ft., 

nd the volume of the earth to be used in filling ia 

l\-r + 12A=2S18. 84-1675. 93 = 1142. 91 cu. fL 
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COTS AXD PIU-S: BOKIU>1l'-l-lT8 AND &P01LpfiAXK& 



Ik mnny l^xt-lxioks it h Btntr^t in Ihc meet abacJuIr- ma 
that on any limKituthniil pr*>filt* of (^ftrThwork U»c erotlc-Hm- ffbi 
be Mabli^hMt In ^cli a poeilioa that the cut« ivi]] 1>alan«? 
fi)!^, S^ II i<miple and procticol nwcn» uf in^turing this Itnliimr 
it iA :4ugge^l<Hi thnt it thnwl ^rotchcd in Ulc hnncia be movnl 
uptimi donii tlic profile until the )>ortion0 a1k>v<! Uit thrcA^I Jipirfsr 
clots-ly lo etiual iu area tlic portions Move Ihi* threwl, Tlib 
rulr for locatinj? the grailc-linc should l»o iii?<i>itntcnamctfH) W 
tW rii^HPi^r, mtd he sfuiuld biiw ttir iDCJilion rif Uw ^jiult^Xm 
on niort* Rcientific principles and litdf'pndeiifly of the ctiti* sad 
^lll^. Tn nj?iiiy ln?*I:ih«'», »* will In- >ilnnv[i farlhrr on, it will be 
fimnil itinrr riinvenk-nt in build up tin- hll.t fniriii tK>m>w-piu 
luul wii^te the lUMieiiul (twh. tlu? ciita in spuil-lmitkii than to aU 
t«*inpL Ui coau|ieiisal'> uiic by Hi*' nl.hcr. 

A^ II rule esirtlnvork CDinpr]?«es both cuts and ftlK 'file evth 
excavatti! inym thp (r«t> inay Ijr uIiHkt^I to fomi llie fill*, or, U 
not ne*>dL*tl for Ihin piiqMW, M iuhv I.h' waJt^d at some comTnient 
plan.' niong ibi* wink, Ihiif* ffinning what am commonly fMiUetl 
in"a*t<*- i»r Kpoil-lmiikf<. I-ikrwiw-' []»■ 611m may b(? fom>eil of the 
ninltTiails t'x^iivnu^d from Tlw cul:^ or lliry iiiay tx* built iip o( 
nutf'risils^ tiikt'Ti from jilut^'.'^ neur :uLd rd<ingwldr but off iht- linr 
of Ihi' \^ork which an? called borrow-pi(5, U'twn the injitcriaJ 
r:ik^ii from the cuts exacily forms the fills tlw work Is said tn ht 
com |ien sated, but wlien the material from the cut*: i« in cxcrm 
of or falls below the auioimi required lo mako the fill*, llie vfofk 
is 8Aid to be d^iiie by spoU-bank« or borwtv-piis, Tlicre are, 
therefore, two distinct methods of ix^rformiiif; earthwork, vii^ 



Ctrm AXD riLU4; KmROlft'-riTS AXD SrOII^BANKft. 



»r 



by «<HT>prfifsitioti rrr by :£p(>il -boniest siul borrow pite. Sonkctimet;, 
hovwv^r, [it.*t«ith»Uft<li|ig Ihi- fuc^t Umt Uk* volume t>f Ulc rutfi 
rqiiaJ« tlu* volwoi- of thi? lilK the tlii^UTkCC* bcl^ivti iho c*ut« nnd 
the 6lle fnfty be fo Krv*t that thi^ lone huul will lend lo invrca^c 
jETTAtly 1!k* imil ei«t of Ihf work. In *nn'h cnsscn it U Tound 
mott- ('C4iiwmiioi\J to pcrforni \mri of Ihi- work hy t*fjm[X'iistttion 
anil part l>y frpoiMxtnka anc) Imrrow-pile; tlii5|civ4>t4MhiniiTinthtid 
which is ci&JW tlkf* rttixevi tuothod, 

ll h ot ibe utmi^ JRkportaitcr that the rrh|;liLoer Mioiild know 
vloch of tlic llirwr inctho<ls dcfcribcd for prrfomuiii: *^nrtliw<irk 
b tl« inofll c<;Qnonucal in any particular caa^« To ffivc n t^om- 
pletc aoMwr to Ihi* problem Vb-c H^ould Iuint lo pass in review ;dl 
poenibk cttx^ m n large variety of (iiffeirnt forme of woik, wbicU 
a an ahnivt iiiipo?«iblft ta.-<k. It ia hrltcr, tbei^fore. to fCiM^ 
niach genrml nilci* fts have been accepted hy engineers a» the 
result o( ikumcroui* oWn■a^ion^ Ciilcui«lkjiu-*» imi\ estimates. 

It » grnemlly ailinitlnl iJml ll i^ iiiorr uimvenieiit lo eoin- 
pm^alr llw jnils ititii lilln it» iht- TollDwriK ni?*'^: 

0) When Uii' r|ii:tiilil^^ of iii!Ah-riMl In Tv' iiifuiii fnmi ruiK to 
51K> IH M> Inr^- IImT, ii4>lwithHtnitdii]/c the ]\ir\a' inxf^KtnicnV of 
rapileil ttHjuiriHl in ihi- rfni?vl rue Lion iif riKnIti mid lu the pun-hnw 
of pfauit, Utf miit oii^l of iltp lilUii^ v^iJl Im' ihe siiiftlli-Ki |K)w;iblo. 

(3) WIb'D, «n iiccount of ilu- elriiniftcr of Ih- ki'idity, the 
•poQ-bwdts and borTOV*i)it« caimot be loeaii-d nt-iir i\vt work 
Ji loDj^ haul perp?ndieu1ar to Ihe line of ;hc^ ^vork i^ nece!^<Lrv> 

(3) WhfQ llie land ihroi;gh whieh thp wiirk piu^^os w i^i valu- 
able that tl ifi ntc«*jiary to kt^^p the area disturbcil by Ihe work 
within the Darmwp<i| jKiwible limitji. 

. Hit nLPtli«l of t*i>oil-b:nikK sind borrow-pite is con?iden>il to 
bfi the moit conn>nient in tht' followhig cajries: 

(1) WbiMi tlw niuti'Hal tiiki*i/ from the cut b no lorjeo or 
ttfachcffiu^ liuit Ihe <'i»h:mkmeiii lomiHl of it would be neither 
stable mrr >^ifc. 

(2) When ibc volume of cuts and till:* ix mi ^n^nH that the 
roads and plant re^iutred vriU iiicreaet^ the voM oi IransporUiticn 
per UEiit of volume 
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(3) Wliiii thi' vviui' vi thi" Imicl tK:<!tj|Qiil by th« work u- 
or xvTy Hniali 

(4) HTiPii on &ecnuiit of the short tinw nUovn^l for tli 
Rtructjon of l)i<> work tl h neeeaaAry Ui proaeout^^ It ^ninltnno 
ouftly :it nuimroiB pcinte along ihe line. 

(5) ^Vlu'ii Tnaterial nbsucles »iic)i as mounlnins or raviiM 
prevent the trntiRporttttion of the m&loriol taken fmni \ho cuU 
lo ihi^ fiointB wtu*n:- fills are necesearj', until tin* pro|x>8<^tl tunnels 
imJ I^HiIkcb arc built, wluch is ueuaily tlie \mi t^art ot tlie wfirk. 

(15) ^1i(*n tlie dietance between tlie eutf an<l fills is ao Rt1^el 
that, notwilhetaniHiiff the Cf"&t of purchaflin^ the lani for si)oU* 
banks and boriftw-pit*. Ihe double excflvaliou iinJ Iht* double 
volumo of trauBporlod material, the cost of the work v^ill be leafl- 
than ifdom^ by coEiipcn)>ation> ^H 

It in impowiblc to Miitc absolutely which of the t^x) niethfin^V 
of work i:^ to bt' piffcnvd; the nulcetion depends upon laiul titid 
special r<rciLDLHtabi:c4 4ueh a? the* liuiitA of time, the qu&ntity of 
ejirth l.ik^'R from th^- f^xcovation, etc. In ^'neral the mixM 
Jiitlh'jd will bf." fuund cheaper where the lenglh of the nork ifl 
conmdc^rable, com]K-nNdioiL being employed vrhni^ the eond^ 
tioiift air favorable jind spoiW.iankw iLiid boirowpU^ where ilia 
comlltioriA an' utifuvorable to cinniieoNitinn- To <let4<niiij» 
exjLCt.ly the ]iii4iLtsi at which one nielluwl eenaeii ntnl the otlirr 
be^inH to lie wKitntageousH resort must lie hftil to Ingher luaUte- 
nudies. In artitil workn howpver» niJithematicA] at-i^uniry is : 
reiiuired, luiil tlw piuctiee usually ful!o\vi?<l it to deU'nuine 
points naineil by trial. Whatever means of 4leteriTiinntu>n 
adopted It is jdways desirable thnt tbr cn^im^er nud eoiiitn 
idiould know ui a^lvanee the fill?* for which excavation frorn 
IB to be u^ and Troin what €ut«f it 'w to coine, and al^ t]w 
for whieh umterini fr^trr iKirrtiw-pitw i% Ui bi' nwd and where ilu*ft) 
borrow-ph* nre k^atcd, Tliis knowledge ii^ nece»arj* to w'euro 
a n^gular ainl un']r(.inn plan c^f w<irk, imd lk c^'en more e^Et^niial 
for diMemiining the mean length of haul. It is impoesibVi to 
etrtimate tlie am of eiirthwork without having prpvion^y p^iI 
luted the niean dUEanee of haul, ior unWi» this^ difrt^moe i@ kno' 
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\h»* cn4 rf hsiuliiijc, ttiiiHi ts iJiif 4if lilt' iTKifJi iiii|Kjri»iit cofii iU*rns 
iii ihr whok wnrk, raniiot lie iu.-i^urat«'ly ilel<?niiiired. 

Iltff^'n^iii if)M}>r)ils nti^ emplti^Ft^l for iJeteniiiiiliig Hx" itiMiribu- 
tina uf llie volunx'^ or eiirth eiloDg tlw profile of tlie K«rk. ItSLlian 
ind Krenrh enitLiM'f'r^ usunlly rakuUt^ il alt^ehmleally, while 
(ii'rtiian Burl soiue Freauh cugineere tletenuuie il by jTrsiphlcal 
eiu*OiolU. Id Llie VnitM St&t«fi no attention is paid i*) tJi<> dtfiri- 
butiuti of voluroea alotitE Ihe liiiiv «itlir>r m public 4>r Lit pmntc 
worka. As a c<maeK)uencc! thi* uw.\ii dij^uiiro of haul le not knovm, 
aaJ eorlliworic ie itev\<T rBlcul:a4*i.1 un Kcietitifiu prmcipbn in the 
I'TLiteal SiAfpi>. The author bring a^nrr that (^vhi tha I'nitcvl 
>^t;kU-ff Kueirwcr Corp, whidi iv in charKL- of ail vorke execulml 
fcn' live FoHf-ml Ctivemniiiil, ilid not 4N>nf)iik^r thli^ factor, ro4|Uie(cti 
(lir Cliitrf of Enpin<HrtL to rxpluin ilu^ rt^uK>D for this im^Kirtaiitit 
f>niimon, and H'ccinii th** I'Miais-** ivnf*«Tr ttiot hr wafi sorry thai 
bb boil IK1 t>Tiiit<-il inalter for (tiTttributinn <I:-tUine vvttl tUi^ ^ubjrrL 

Tbr ;ta»pli-?< nituiner i^\ obtmiiinK the rb^nbution of ina»e^ 

thr m'"Mi diMiimv i>f IiauI ic* \\m{ '-mploycd by Itulian en©- 

whicli I* (li'duanJ ill n ^rry j'lnipk- nuiunrr fmni tbr cjilcu* 

latinos at tbc i'art]i\t<ork. Thfr infonimtioD is giveji In Uie form 

of a tfllik madi- ii|i of tc^n cobiinna ci» follovo: 




bnii'ojf'Hil i^ i4« IUaN, 



3i«i '^ '■ " :i 1 :iio 

lllf 4-fi IflO 

JKi takru imui **(Wfc0-l 

:*Hi C-l 

lAi 1-2 

IIU 1 'J 

'JH ft-fil 

■J^ W^t; 2."* 



^ 

B 






wa 



urn 



77 0,930 

111 35,310 

177 .f«.3aO 

i:;-* , l7.9:a> 



Iff 
At 



1,560 



94,4&H 



R^rffninf; lo ihw ublE 
tbcrt i^anexcc«»«if dOOcu 



it will bo »en timt in thv first action 
. m. of cut. and betwc(*p f4^clio^fl 1-2 lui 
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oxccw nf I4fl cit in-» whiV the till rxcociltf the cut in tho pnTlicm 
of thi* rorul bv1w{Tn K'Otifini' J niul 6^ Vh*^ «*xci<mi of out liiui tu Ije 
brought to the ixjuils whca* it b* tw<'<h*(l fivr fill» iui<i {•oii»c|uewli>" 
the dtM) cu» rt. will {» di^ributrd utt ftillcmtt: IX) cu, fii. ila ncikr M 
pQWiibto and roii**ciuont.ly Ix'tm***!! sc'ctioiie '2 and '^, ni a ilist^nw 
of 4U 1 liS-77 tn.; 310 m, belvp-of ii seotione 3 nnd ■! at a tlUtAtice 
of 49+28+37-111 tQ,; ir^O cu. m, belw(^(^n eoctioTie 4 nml 5 at a 
distance of IHf Ii3-=177 m. Hflving dispoBtil of iho S^iO cu. m. 
exceea of eection 0-1, we have nest to dispose of the exce*e of 
140 cu. rti, of soclion 12, and tliifl i* taken to etction 4-5, ae 
mdicated by tfic tnble, which can be consulted also for infomift- 
tion regarding the procedure for succeeding prctions, 

French engiucera employ a table constructed on the «ijne 
principk, but more complicfllctl in form. It contaim* 19 col- 
umn!^ nnd considcm wparntely IranJ^portalion by whc<'lhftrrcn«< 
and farl^. 'flie following runniple o[ Ihi^ Ffench inbiikuiod ti 
takm frnni Bnrw^'s Cubature (if> Tfmu^Kn/t^iif fTahlt? !!)• Thn 
figure'!' in rcihinins 1 l.t> "> an* nbfuiiird fmin iW rjdi-nlHtinfi of the 
voIlueh'm of rnrlj) n*qiim-d ftir l.hi* vmrV. TIiomi- ui irt^hjiim 
rrprc-JM^nf' Vhi^ vohniii*M intfved by rnramH (if t<1iuvaU, Hriil 
qiu'Tilly III 11 clinn-luiri InmhVfr^'ly tu the hxih nf ihn wnrk, 
Dolurnn^ 7 to 10, liurlusive, art' givi'n i}\& rxf^i^H^A of cut ifti»l 
whU'h hrive tu Iw distributi-d aloii^^ llie mis of tlw- lA-ork. Ooh 
11 stuiws the ^xeeas volume of cut tc be uaed eh fill, column 12 
the excess volume of cut to be wavted, and cinlumn 13 the ^'rilutne 
to be taken from bom*w-pk'<. hi column 14 are indieaied (he 
places to which the excess vohmie of tlK» cut« tf> to be taken. 
Column 15 ^ihosi'a the lengths of hii«l: if ihU length i? lew? tliAn 
90 m. llie c!\lral.iUons nre plnw.'d in columns 10 and 17, and if it 
ie greater thnn 90 in, they an* plae^'<i in column* 18 and 19, After 
tho table i« coi[iploU*d and the (?alculationjii inmivj if tla- work a 
Porn*('li the following e<|ualiontt *hould reamll, Sn being the 
sum of llicf C(^Linm n^arkw] ^, 

Su + 5., + S^ = S,, 4- 5 j^ 
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Tlu? ilHlrihulmti nf tlw^ riirf.li jilimg llw* pn>fik* msT be 
l&tnl (crjipltirnlly by ihi- <'Urv»"?i of Bnifk[UT lunl Lalimne- 

Bnickncr*s Curve-— T}ii> figure known as Bruckner's c> 
ki coriEttnicUvl n:t fnllowii: Along u horiiontal line indicAtuig ll 
loiiicituilinM profit* *»f tiit> «xU cf eon*«UTJCtion are marked t* 
»ealo ilic disiitiictrfl b<>tivf<on tlir- vnrloiut croits^suction^ find tluou^ 
each point ia tlm^ii ft jjeri^MKliculitr lino, Od thi^*c pcrpcndic- 
uIats me \a.\d ofl tlie al(^-i)nua fiuin of thrf cuu and fill^. the 
«uU beinR coiieri'lertsl na powtivos ami iLo hlU afl no^ti^T^ Uhct 
tlie result is positive tho amoimt is laid oH fibov-c the horizoDtal 
line, and wlierc it is iiej^athT tlic amount m lai(i off bclovr the 
horisontftl lino. By comicclinfi Uiq. extromitiea of Uio fl>u<iwr<liiiic 
ordiiifttea by elniiKht lines rir i>ftml>olic curves tlic Tt^ling li^m' 
fomia wltat is oAlleil Bruckner's cun'o (Fig. 14). This curve 
constructed upon tho following adsumptioiis. 




no. 11. 

(1) TTint oach mass of cut» iu\d fiUa U concentrntetl on iU 
oorresponding jjoirt of the lonKiiudinal profile. 

(2) TliJLt on tym'h cT'i&s-!^*eiioti only the excesses of the ctil 
over Ihe fill*, or vice vcrw, ftio nwopdedj »nd consequently 
volume of earlh transferred from cut to fill by shovel is not 
»ideiTd. 

BnickiKjr'* curve po&teBaee a number of bnport.tnt properttM 
which may be suimnarUod aa follows: 

(!) The maximum and minimum of tht' eiin'" cxirrcpptfnd 
the |K)inta nt j^rade whoro the cut end* wid the fdl K-Rin*. or 
wion verso ; thus tljc points M and X (Fij. W) are \iomi» ai cnde- 

{2} Tlie naturtr of the work i» the ^me in the ppn^^ Ih'UiX'Ci 
a maximum and a succeeding minimum, nnd \s always out; it t 
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mBTihi- *iiav bt^twtvix a nuDimum and & Tucceeiliiif: niaxttnum 
juid » a!n:fl\^ fill Thu^ in Fir. IJ the %iork t)etween ,4 awi A/ 
b cut, £ Mul F being points at gmde. 

(3) Tb*» ba«»-Une deUches from the cun-e Eo^nikcnts wLoee 
bu«4 npreeem »clicms of line in ^hich the cuu and fills are 
compotMted- Tliui^ ih^ cuu etjual tlie tilU for the action of 
lim' AB^ and tbo common voiunie is rcpn^Bcnled by iliP Une ^3/, 

(4) ComdertDK any ppctioii Mi in which the tills MB are 
maiic wilh material lakai from the cuts AM, the surface XUH 
rcprr-«ent9 the mn^ of the moments of the corresponding haul 
(pittduet^ of the V'jJiir»e!» by the didUncc). 

Fropi'ity No- 3 of Ihe ciin-c- iftdiCAtr^ a melhoci of di:^tnbiUin£ 
aJonc the axis of tbi- con^niction the material?! obtained from 
the cutA. But iVDCc thift ^liition ia po^bk; for evTr>- line |>fanllel 
to the |cr<>\uu)-UnC! and earh oiwr vnll gi\T n n^v dislnbution of 
the eorth. atiwn^ lite infinite wliition:' must Ix' wlectcil i)u- fine 
vtfiich r^|Uire« ihc? inluiiiiiint nf tmnt^porUitioii. In giving tilt 
line i»f dJJtn^mtiiin tirij eiriidituin^ iniiM. Ir olH*fr\-e<l: 

(1) Tliat Ulit Mini of the siirfin^.H nf the !4-puiNLt ^|>nrAt«4l by 
tills tint- mi ihi* <Tnn-i* ht; itii* iniinininiL 

(2) Tlml the vuhLttii- of mrilrrml?* tjiVeci fnmi lnirni^'*i>ils or 
depiwitetl fm the «|itikl-l)u]ik^ imi?*l not. I>e inen'iif^th 

Several ni»B miiy h;i|>|X'n, Tli*r cun^e of Bruckner ends at 
Ihe ground-line, or el» ii ends eiiber a^ove or below Ute ^nnuud- 
lUie. If llie extreme of Lhe cune ends at the p-ound-liiK- this 
is the line of disiribtiiion of the masses. But if Uii- ninr of 
Bruckner ends above or below it. from the free end of the eurve 
w drawn a liorixoDtal Une. Afterward are ealetibted (hi- n'-<|X"e* 
liw *ains of the ehordi; intercepted by the ground-hnf' in (lie 
i^Qtfi that increase anfl decn>a«e in a pl;tn towanl ilu> free 
C-nd of ibi' polyg'jn; if llw fir&t s'um i»» greater llian tlio second 
tlvn the ^Ymnd-line i* the line reprr^wenl injr lU^ diairihuUon of 
Ihv votunieH; *>llierwiiie the line i* rai*ed up or lowered until tlie 
ffunm of tlie opposite W'^ineni* nre e<)uaL Tlie iTOftitimi of the 
line! ftatiitfying AUch a etmdition it^ Xh^ line of the diAtnlmtion of 
the vtilumos; but nben U ifl not -taiifilied before the fiw end of 
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thf curve* IX rracbcd. tlwn from thU pxtrvmc i» drawn a hon 
tal lin^. uixl tliin vn\] be- th(> line of the diKtribulion of tin' it 

LaIaium's Cujv*.— Thi# i« the only grBphk-nl mpthotl e 
plox'ed by Fnmch en^nnc^iv for oAlculatini; the diMrittutioo of 
the carthK along the loti^twiinal profik of the enn>1nictimi ns 
^^11 as tbe RtfAii di#l;iincr of hauling. It i*^ older tkm tin; Uruclw- 
Vfir cujx'G and it can be conndcrcd ajp^ a modtlwation of this 
notwithManding it U ximpk-r And is bci^'cl on thr iwmc pnni*ij>l4v 
Also m this case the ordinatcs pcpfr.-K^-nl the algfbmio *um of xi 
volomoA of <?u^ and filling, the cuts bcins coa^ctoroJ na powiti 
and the* blling^ an i»'eiiCiv(.v Hir upper pt^iUd of th'' vnrio 
ordinatrrt int1<t«l <>i b*'tng ronnw^tej by nieoDa tif t^tr^iic^U )i 
or p(inib"lic runis ii» m Ihn BruokniT iiH'tho<1 ttne c*ninoct 
by horiiorital Itni^^ drawn finrallel to th<? pmund-1in«. Tlift K^ 
called l^alanne^f cur^fr ia n^ally <^otnpi>sril '>f a wriM of fukralld 
IT&ms above or liclow the i:nmii<Mim\ luid tl b %*rr convciiu' 
for tlie location of the line cf distribulinti and the calculation 
the mean dislancc of hauliiii*. 

In Fig. 15, reprpaenling lj^!aiine"B curvip aa given by Da 
lie sa>s Uial the \Yj1miie BA ftf U»p tut »h(JuH Iw cnrrwi on Uw 
«4iuval4?iU volume \^ (if fillinj^. ajHl the inH;ni distjuifie Un 
partial hauling » Ah. If xhe h»uliiig iri smaller than DO lu. 




^ 



niwn will be cmploAxrd, otht*rwtfc the niatorial will be tniiif|>oi 
by DU^ani* of cartn and wagom^ A]«o the vohuni' mC of 
muRt fill lit Uti- ^'|iiivtUcnt volume On of blUof^ and tlio paiti 
nivAn dlMmuv i>f lianlme i.< <ih. 



AVbi^ii Ijbiihff'a riirve oiuls aliove llie grcmtitMW, ih^^na la 
ao ffxCfA £J ^.if filling*, whidt i* nK^-jH^n to huiM wiili nmu nob 
IaImh from b<»nt>w-i'il-*, bui wlien vhi- Vim* uf ilu' curxt* imls on 
thr gimiml^line thiit U thp liiie of liLmnbutloii of tbc vciluinei^ flii<l 
Ok- W)rit will then W ctimjuM^ftftUHL 

Thr mean (Itrtnnco ut which th*^ nuitf^rinl^ ou^lu to be hauled 
tf ummlly cal«ulAt«l uccordbK to tho ftiltowin^ riioilitxli^: 

(1> By tbo horiinntAl OHloiice iA tlie projccuoaR of the center* 
of jETAvitv <A th«r cuu »ud f:Uinf^ 

^^} By Uk' mwnmt. 

(3) By Brurkiier'a ariO l^aime'a cun'eft- 

By the Projection of the Cent«n o( Gravity. — TKc apcmctrical 
ptoition ijl the LViikr^ of gravity of the cuU Euid filUiifi:^ can be 
ra^y ifeduoed from the* lon^tudinal profile and crcB»-aection» 
m Uie foUou-bic manner, (hi a I^orizontal line lay off the cli^ 
lanee« of tiie various (rms&'accliona, erect perpend iculare ai»l 
on tbeee Uilw aegmcnta representing tlic exctas of die cut or 
fiUtog in the saim^ cme»-«ectioii; tbc a:gtnents inilicating ttie cuLa 
an- Timrknl abinv tlw- liurUoutal line aiid those repivsi-iitliiK iW 
filling** }■-!(«*'. llnilJ- III! tlie jHnEilfi uf the citL-* nml ihiw of till- 
ing!<v tiiKl thr iM-niers of f^ntvity nf tbe^e twit fii^^EiruH, suid Ih^^ 
Imri^eiCKilal iIu^»ii(M^ i-f (lieJr projection will repre^-ni m wnh iUtr 
n^'im tlblaim* of hauling. Only (lie dilTenniw U'lwit'ii the 
cuts ODil fitliiig9 on tW same section is n^a^ke^l hero, because the 
earth removeii from iJie cut and luwcl for [ilhnj:^ or the same aeo- 
Uou ia not wnioved, and consequently it v only the surplus timt 
tntisi be tLBulevt aw^y. 

The same result coul<L be dir^tly obtninixt from the grapliical 
reprefeniation of tlw.- vohnnos of rnrthwork, m giu-n on p. 23, 
By revoh-ing the figvirc-a* s«mui;l the horiaoiiTnl lint* :ind omitting 
the overlapping portions, which niojvns toehminate tho nn?as of 
cuts and hllini^ contfH*nHal«1 on tht* a-inie erot^^-ction, then the 
horisontal diKianis.' of the projecliona of tho contere of ^ixflvity of 
the remaining aPMta will he the nwan disianoc cf hiiulin^. 

The horizontal iliatance of the projections of the centers of 
gTftvity d the eutd ami fiUin;c9, however, repre»>nt8 the mciui 
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distance of liaulini; only in ca«e that tlie cute and (iWh 
compcnsalecL But when the cute arc in ^'xcrae of ihr lilliiu:^ 
vice veraa, and consequently the part in o.\ce*s must lye ilrpodii 
in the waste-banks or taken from borrow-pit*, the iwain iliatAnt 
of liaulirg will Then be pivcn by the averages of the horizontal 
distance of the centrri» of gravity of the portion* that arc ooiu- 
peniaU^ an<l ihc horiiontJi) 4lifianci? of tlie projection of the 
centers of gravity of the rxccw of thi^ uut unii the »p(Ml-baok 
the defect of Ihc cut and borruw-pit. 

By Moments.— Thi^ aecmwl in;*nner of cAlciilatiiig th(^ mean 
iliHtnncr <4 haiilifig \h by momenta Tlie wim^ ift bonowi^d fron^ 
tin- iTu^linnic, nnd mcani* in thia case the quaiility of \t>Iiu»f 
I'jirHiwijrk hieludetl within two conaecutive cn)aft-*i^cUonft iiiui 
ilpUeil by liiP ilifitanees at which t\m piiHial voIuum- mual lit 
hanleil. Tlie ineim distance of hauling will lie ohtameil liy 
<]iiotit*[il uf th^ mni of the moments of hauling divided by 
sum of the haiiWl vuhuues. 

On tlie apjilicallon of thin principle the tnenn distance ean 
correctly calciilflled by t\ vpry lonii procewt; but Hnre in practici 
wttfks the propiptnew nf » meih^xl is idwji^yx pit'frrrcd to grei 
mathematical arciirHcVj t)i(- tuean diHtjuic^* of the hauling 
obtained frcm the tsiblnii uln'jiily ^iven ami eicpcitdly ecm<truel 
in order to kiiow i\ny d^i^tribution of {)\r varioiw rnsuat-* of tl 
tiirlh along Ihi" htir of the wtirk. 

Aoeonltng to the tnblo us^hI by the Tralliui erijcinr>ers. illufr 
tiated at p. 33, the inenn dUnuiEN* fi hiiulhi;* is obiainiH] by the 
SUmtkf Itio nuinlM^nt in cnhinin K>, rejirej^-iLUnf^ the partial pro^luct a 
of the volttnnes lo l>e removwl, inultiplieil by ihe dUtance at which 
they ought to be haule<l. Such a loial, which in the case lieie 
coa^dered is m,49J4, mtiai be tlividod by the emn of the ni 
ben in coliUDn S, represontini; the partial volumea 968. 



Ui&i Due the mean dlsUinct- of hauling will Im* 
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P^tnch cn^necrs comndcrinj; mpivratcly the hautiag done 
means of wbc«.*lbftrro^' and that done by am and v.'aj^o, t^ 
different mciin {imance^ an* obtained], the one for the berroi 
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d tbi^ «ec<t<id for the cart^ In both cswc*. however, the mean 
distance of hnulmf; ii- ^\Tn by the i>um of the pnxlucts of the par- 
ibil volutocs by their ditftoDoe, divuL<Ht by ihc ^uni of the partial 
volumttf. Thus ihr quotirnt cpf the numbers iit colunms 16 and 
17, 260ft aod 148,110 ivi!|x^tivcly, being 50, will n>prc9CDl in 
iiirtfrA thr iiiriui (tUUitt^^ <4 h-'ttilhi^ by wliH-Uiiirrnn- ; mul tb4t 
<1iuitirm of tin' nunilirn* in e**btriiii^ IS jinJ 19, '^Iftl jiiid 'JS'J.034 
rr^tperth-rly, 1it*mg 205^ will gtvi* tlifr tiie^ii iliftl^rii^* iif liniiUng 
by nirl ninl 'a^^iml 

By Bruckner mnd Loluine's CurreK. — Bcilli eurvea Iihvv bfi-iL 
alirmly pxj)lainftl bi length, ami cotiF«y|Ueru]y any furllwr PX}>la- 
nntioii will tie iMPleM- TIip ari'a lUniK^il liy iIip [leriirieler <if lt» 
GUr\'«' of Bnickner mul ilf horiiontal j^nHmd-liiie rvprewm^ ibe 
mornvnt of haulinj; vi the vohiine« iimltiplied by the ^atest 
firdinate, or the produet of th« volumr^ muiiiptiect by the mean 
(li«tAiicf; ajid coDseqitTLtly (he moan cliKi^ince of hauling U given 
by thi* U>lal »iv» divkte^l by the grt-au^Ki orvlinalc. 

SinuUrh' with ilic Lalanfw'x iiir\r, Herr th^* height* of the 
pftTfJlekigrsnis are re*peeiively equal to the alijebnue mm of 
llw cut« ami tilliiLj^ nhile the ba^^^^ v»f tlie parallelugrants^ reprtw 
imi the partial dU;anee of hauling. In thifi eaw ab>o the ^^< 
CfEl tneati di^hLiiw of hauling to be xv^kI in eukxiiationft will bi' 
gma by Ukt loUl aiva dividLni by the greaU^tct unUnatc 




CJIAPTER IV. 

CLAflBlPICATION OF MATERlAE-3i ROCK EXCAVATION WITHOIT 

BLAariNO. 

CLASBinCATION OP MATFRI.VL^. 

TiiR opcTalion of ttrfltrciyinff the fuho^ion of tlw enrthy n\ 
rials in order (o remove thein fniin their natural tml in thff e] 
culion of work ia termed cxca\'ati<«i. Jhetv. tiinU-xialu (j|>[j 
& rE!AiAlancc lo bein^ mov^nl whicb varies grealJj' nil h liwir nali 
Rome q( theni> as quickiuind aticL mud. op[><)M' Ultlr if nnv 
auLV, while olhers, us r^ick and induriitrd Hay, ii|i])it^> a 
fctrniig rr>i«tmice. On thi* hiusls of fr!<I?Ela]iro "jffere*! U> i*xcuva1 
*lie iNirlhy miitrriiilji may h- i]WuM into two hroHil c\asse^ 
VATih. juui nx'k. Ou the wirtu* hiwU ii ih customary to divide 
both vanh anci ntek inUi wvitmI Miixlnwiea. 

KnrtU U usually divitled into very loo*? soli*, looee Bofls, imJ 
friable soile. ITie vpr>' loose soila are thotio which have *> lilUe 
cohefliou that they offer practically no retiiittaiKH? to being m;|nh 
rated from their riAturaJ bwl, and may be N^niovvd by shovde: 
they are sand, mud. quick^and^ peat, ^tc. Loom «Dilit are Ihiw 
which have i^ufhcieiit coho^on to make a Ptronj^ tool than a 
shovel neeeasary; the «pade i« neeesRary for Ihcir cxcaivatioa. 
Clay, shale, gravel, and some sanik belonK to Ihii* jcroup. TV 
friable eoila are tiioee which re<juire a iEtmrte]Mtinlr<l tool to Kretk 
them up; tlie pick ia the toot uae^l in iKeir excavution. Induratal 
clay, disintcf^tcd rock, volcanic dcEK^ilfi, him] askwierAtH 
Bandfi an? conaidereil friable wiU. 

Hoek-likc mrth may be divided into iht^e ddOBC^ u|khi tU 
baflifl of itA rowtance to rxcavalion; Uiaie eUnwA an? wift nxke, 
rocks of oidioary coomttncy, and hanl rock& Soft rvxrks an 
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Ui<HC fjkfUy moved by iron Ijhw tnvi nvi\p^. \ni{ ihcy coiii|>rls« 

of oniiiuijy coititM^iify iirv eu^h w aiui Ix* r»»iiiMvrd l»y mm Ikiin, 
■ImI^hs, and duuincltJi^-RiAeliiTU'ti, jukI lutiorifc ilH*ni jtri' 3t:uul- 
9toiie« Atitl vAri(HLi nikiboeoua luitl talcow rocks. Tlif* h^rti rocLn 
Uioae of sueli bonlni'it^ uiicl 1ou;r1uii*KA tlirU rii>nr (^ tlir tools 
tionrxi «n; cjk|Mil>l'* rrf bit'^injz (him up unci bliLsting hcu? to 
be rorortttl to. GMienilly in <rns:iiic*TUiic work the Boitcr ixicb*. 
whi«b are capubic of boiiijc ^xcavuttit by lools. anr b]u«t<Hl to 
rikurt<tj the timv of f^xtuvfili<m, 

B(H.mu^ of the diffi'ri'in (U'khhi^ of rwqstjwicx' wliidi difft^rt-nt 
iftAttrnflls offer to €xe:a\'flticm, tbc time rM^uin'd per unit voltinio 
for tlirir ^scavatinn (Uffcw. Tfjwc liiut*rt ju-i- a-<i];L[ly fxifcrc-^^nil 
In fiijwii'«ifl of a day"** work, whirh w iif«niTi;i^l tn Iw Irn h"unt, 
And by multiphiDg Ihcn^ numbira by ihfi riaily ii%'epft#ce of t!ie 
workmen tlw cwt of excavatjon per unit volume ifl at od» known. 
TV values of tbcAc functions an! usually afisumcU to b<^ as follows: 

Very lotMHtioib, iriHij(Eiiij^k;;«itiig 07 iiiO (K> 

IjOcmp wiilw, cfYnHVAtion (Jiily Kl Uj f> IJIE 

^H FrwljV <«ita, « " 20 Ui 25 

^H Softrock, •* 35IOO50 

^H Ordinao' n^ck, " ^ 75U>1.0Q 

^H Han) rock, 1 2 tot. 5 

Thcae fi|[iirfd »tr\t merely to give n general idea of the time 
employed for excavating & unit \^>lun^r; iTk* <-iia:inrrr muftt 
nukr «q)<<ftAJ cAtiiuatcf^ for ariy pmliculur ca^t. It Is irtiKu! 
tn note aJM) tttat throe data ar<- for ntuierial^ excavnlfHl in ihc 
opm air, and mitfl t*p moilital when the exravatiou h dom- umW 
dUHnilt eirciHH»tanc*«, as, for exanipl»i. in tiiunelH, deqi innn-lir-H, 
and &Uafu. For vmrk done in tiinnf^t^ i\w iiliow vtH'i^wu'uia 
^luld \te miJliplinl by lit for earth aiid by from 2 to 3 for roek, 

Ini4ifiking^li.in*iHKhi*rp tlir-wnrk is^till morpilifficiilt. tliHitlHJvii 

irienl* >jhinild h- dinibUI In fnitehiny;. tiUhcnigli Jhe work 

is done in tlu* n\K'n Mr, n eh.inge nf tin- rfM^ITick'nt* givcu is cpot*- 

sary, but it h dilfirult U> i^ay ilpfinitWy how gn\^t thi» nhiHiTd be. 
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alD«* local circumstancpA, *mcli a^ iJie de|)th anil imrmwn^^s of 
the. tTen<'li, have a great iiiflufDre. It can be AAKiiiiifH) in ug^rKTal 
way, lioivevpr, that f<<r Ir^iictiw: of ortlinary nixr nmi tieptb 
these coetficieni^ uhouM }>«.* imTF'^t>4i:-(l by quantities ranging Trom 
one-ihirtl to one-fourth <if fU'Tr vjilur Wjiter incn^A^.^ the diffi- 
culty of excavation m Hfnchcs, iuiil whf?re Burfa^^e-wflt^r, ^maU 
springe, or udepag? an* prcjH?nt. ilie coi-fficienU gK%D idiould be 
iDcreased :ibout 15 pfT r<»nt. 

In eiU"tliwi>rk iUv f|Tuiiiii(Hw ati} iUways me^ureti on the 
materJAJ in it>- orlgirtfJ lw*<l, uml tlu- cwffinont^ which havt^? Ixxii 
considered fibon^ rt-fcr to niuK^rinlif vo inc-jumrcd. A cubir yard 
of Giirth or nx'k in ii-^ nainntl I>(*jI irmkt"^ in i J [.-i ■iIhIv more ihAD 
a cubic yard oi '•\i-iivitU'(\ nmUTuil; ^i-nir^iily ^pcMidng, the in- 
crease in volunio is proportional to tlio fMuftmice offcrvKl to «x- 
cavatioQ, It can hti as^uuKvl oa n Rrnpml njk' that for cartli the 
iBcrciwe lA from 2(J lo 2ti per cent., ajui for nxrk from ;J0 to 40 
per cent. 

The excavation of either earth or rock cuu be done by Ikand 
or by ninrliinc. !n this and llif v^uccet^din^ chapters the loots 
and njfichinr,"^ t^EopIuy^^l in eiirtli arnl rock rxaivation are ile* 
ttcribi^^l and their use and operation explained. 
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From tlio <'iirly <bi>"ft of hiirmiii oiviliwtion until ^-ct^* re- 
cently tilt' i^xciivation of rock v>'tx» ac^compli^e^l Ao^cly by uvanA 
of luind-1'0(^]^. 11iu0 nil the cut fitonofl tJiat -wurv- cniplo)ie>d 
o^-cr IXMX) yi^nrfl uku In the conslniction of the F)-nuntd« aad 
other KKyptLm monuments, as \wll ne the large stones iwcd b 
the coni^truction of the cycb|)ran waits whirfi mirn^ndrd diP 
prrhiMoric cittea of Greece and Italy, w'cre cxcftvate<t by hawi. 
For ininini' :\Tn\ cnginj-cTine purpose*, however, the excav^ttiri 
of ritck wns faciliiatod by suddenly coohng with water surfTin? 
which had been previously hcaU-d b>" fir«. On neeounl uf Iho 
miilden cliange in (emperaturc rrackif wew produced <*biHi 
fiffonleil points of attack by MTiigr» and other aharp tfwJsw Viir- 




npttiQfr, OS this openktion vm termed, iraa the onty iDi^-An^ of 
nx'k i'xra\'ation, 3ei"le from hand-toi>lB, n-hkh w»* emplcivoil wp 
\n ilw oaiiy pint of ihe cig-hleenth ceutun', as old «njcni^'ing» 
illu^mtin^ Tbo mining opcroltons of ihat tinio deriHy ituliciito. 
ll i« iMiJ] cmplowl for br^akinj; niiiiU boulders in contntet 
wofk^ aiwl ihc author haif witDCfiecd its uw od a tarnie eeiile u1 
thr caJfiodany (fuarricif near fi^aiit .\iitonmo di Sua& in ItjiLy m 
brmi: up Ibr rocloJ (or tlu- ^toiwr-criwhcra in iDakiog firo>pn>^»f 
bnnki^- 

\n 1613 the nrl of rock i*xcn%'*tioji vrti» rovolulmnitcd b>' tie 
iturodurikoii of blii^tirw. In tliul >tnr jE:UDponxlcr, whicli uji u> 
thai Utiip laii l«'<'n tiaoii f*^r ArtTllrr)- aol other militiin,' pur- 
piMi'ji rxeitiaivdy, vni* cinployi.^1 by a chief miiiitig bom at 
Frciburc in Germany, tor hliivimg: (ho or^bv&ritig n^ck in the 
nuDea uiwkr hb cltarRi^ Blju^tinjc by E\m|)omkr was employed 
t3cdua\'iely until Hue ^cocul h;ilf of ihi* lutir n-rtlur}-, nhen th« 
di0cu%'rrY of mlnigiyceriDe ami ita <lrrivalivue gave a nii>n? jM»wrr' 
ful cxjJofiive which l^a^ largely ni']>bc'\l ^n|>irwiipr, although 
the latter b still ufvtL 

Hock may bo excavaleil iu two way»: (t) ilinnitly, by hntiil* 
toolft simI machiftp'^ruMiiig, and (2) irvliivctly, liy h);iAi[ng, Soft 
iwlu* aiid tiiiii rtnitifinl rorkn utc p'ricntlly escavjiLed bv Imnd- 
tooh; it H only rvot^iilly tlint nick-citttiitg lEUiehiuen Imv** Uyu 
9?m>rully i-mpJnyvd. For <>xi*dVHting hur<l ruck bla«img 1& prito 
lii'jitly univ*<'rj^il In blH;*tinK, whieh \> thr i^rtxvw of ^^liAtiermg 
nick by llir wukirn gi<i>i-nit inti nf » l:trgi- vi'luinr ni pi^9 tii an 
pik]o»*^I H[»ari', i^'x'i-nd t*i'[i!irj<h' ii|H-nilionA iir^ rcquitvd. vyz., 
Ixiring tlir hofcs*, Hiaqpng tHhc^iii wlili Tin* oxploKivi', uaipbi^ the 
Dpt^ning, aiKl llrhig ihe ehnrfc^v Tlie |jjilfT< nrt- iHinnl to rtcpive 
ibo rharge, aijd ilii- eharjje is ilie cxplosiv4? muitiT Imrii which 
tb''|c«M«areife\'ek>pett; the lamping 'tv closhig r>f tU^ hoWAbo^■e 
llip eliarjfe prev'^ntfl th* s^ses from escaping wilh4iur, ?i|uiMcrin^ 
tlv* ntck, and ih<> 6ring k the act of ipittin;^ die (-xpUit4vi<. 

Wht^n roc3t i* exea^Tiiwl by directly reniovuig ii frt)nj [tv 
tuUuraJ bwl by meani; of h:inil-t'K>l* or cuttini;-macl]mf>B tlie tools 
eonimoaly employed un.> pick*i, cruvrban;, drill and hammer, 
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fledK^hnnun^r?, veJic^e, am\ the plug aod fciLltier: the Only 
cutiirifE-D^atbtoe used io the excavatiou of rock tor piil>lic vrwbi 
is the cbrkoDeliDf^-macbtDe. 

Pick.— Tbo pick employed b^r the qnam-man ia ritnlLar t« 
the one ewplored b ilw excavation of evmb; It loay Iiam* tnitk 
end* pniitleJ or ono.emt may have a chi»l •!dflp. TU' |>uinta 
boinc «vd^»haped pcmut the lool to |)cnctrato tlie jouit^ « 
«e«irii' of fjjvurcd rode or bei^Tcn the lamiiue of Ihtnly stmiifM 
r«)ck.H, jciiffii ib« -(Utoii anii -iKiJo!!^ \Mwn il* |*oiBt Iia* been tyrrvti 
ixiUt Uir pi^'k Ihc jnfk Li ti^il tn n lever Xo iiKTcanr Ijfcc frociiur by 
pnsiiic upon tlM^ Itnivtlc. 'Hitts the uclioii of tlie pick, as !hfr, 
Ijuck says, embfuik-s llic aclUHi^ of ll:e hnitimrr. ilie weiige, and 
the cmwlMir. U art^ ua a liaimiK-r tii (IrU^erLo^ a blon% u« a 
vedfie in rierielmtini: and diHru|>tint: Ihc rock, iidiI ti3 a crowhor 
or lever iii forciiij; out b^ maa^c^. Wlini rjne of ilur ]H>iDt« 
chlficl-oilged the pick is used for cutting off tlv<* projecting oomrrt 
and chips to smooth the vvall^^ of ihc excavation, Uit [>n>]ierly 
speakirig it tf not then an cxcavaiing-tool. 

Crowbais. — Tin.' c[Mwl»ar (Fig. 1ft) coiimsi» (»f mi in»n r<"l, 
an inch or more in diji]iM?teT and 5 or G ft., long, whicii Iul* r«Nt 
«Dd diapciL tn a rhiw-l nige and th<*r other end bont to penuil its 
iwr a« a Ic^rr, Crowbars jin* urN.tl in rxrnvaitirii; liwured m 
tlimly stnfctifird nn-k*. In o;ifrmtiiwi tlw' cbisc*! «igt' is fiici*wl 
into Ihr M*ATn?4 or Ix'lwi'rii ih<- MniUi, unil the bnr U s^ivuiif^ back 
mtd forlh, i*iihir^trkg itte o|K-ning. \Vhi*ri l!ti* ent'ii.T U lar|ee 
cnmi^fi f.hr liiir S?* n'vrr<«l and th(* U-nl. inui in»'Tfr*(l. siftirr wtiM 
the ^wiTi^rTig baok iirul fririh is runtiniied until the fnigmeiit of 
Tiick itt ifi'iiK.'hetl fniin ils bed. 

Slcdge-haroiner* and Wedg«». — Rock is freqiuiilly <*xr3val*d 
hy i\v'.u>t^ I'f fU-ilfi»-b:ini!ni'pi and wpj|^s. The *l"igi-lmiiiniff 
(F^T- 17) consists of a piirsllelopipedon of iron wlih its extiwnitici 
lianlf^ned, arvi having an fye at the center. Its Ht^if-ht \'ariM 
Iron :*U lbs, tt> 50 lbs., and a wouden handle item 2* h. to S ft. 
long is ineerted in the eye. The hlovc \\hich can l>e struck with 
tn ifnpVrneat of lhii« character ik v**n- pOTTT-rfuK Tl»e -^irHlp?- 
hannm^r Dii»y be uwxl nlone or in coiine«tiob with a ft^l|-e. nifT 
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nrc mcl slocte for breaking masses or 9UnK wtiidi luvr alrrauly 
brrn rtppnralT'i from tl*cir tiaturni br<l, uml wrth ^fnlip^s wlictc 
XW- |Aiq>o0r; p lo t»u)?amic n diaw of ntfk from \li* \x*i\^ In hrrok- 
ing Aonn*, if ihcv arc of modente tlmicnsinDC rlic^y ^rt plaivil bo 
aft lo b^ ^mppooiH ol lie two eml*, while Ihc blow U <lctiwTwl on 
tlif rrtilif, A» n nilr HTvcnJ blow* virv friiwm}. ami rncli should 
U? iWiu'nil mi Itir waiiH' ^pnt unH at riglil anj^lr?* In thr iiuuirj- 
IvhJ. Tr> hrrsLk tip rockM loci )nr^* to br himJlnl tu< juhI, clescKbiHi 
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Il^ projecUog coraers ar** first ele^lffed olT, and lUt^n a Mifict^f^^iou 
of blowv delmrod on On? corner of tlie T^mainin^ uiiww until it 
fliefi lo pieeee from th& shock; <w, if the mam U very lftnp\ it i^ 
*pKt by iDeanfi of tho uiHi|^. 

Wcdf^ of tJie forra showii by Fig. IS are, as a nilc, made of 
mo mod are about t ft lon^: and ha\x a head 3X6 Inn.; but 
ffsmctiraoB, especially in the cxcavati<m nf 
very soft aad thinly sIratUictI roi^L-^, they Jirc 
mftdo of wood and wilb ver>' much larger 
dimenflOfis. Wenigt^^ are u<cd nii>9tly in cutting 
the rock from it^ tkritural bed. und the mode 
of proceilurc of this irork is m follows: A ^lot 
b 6nA cut m the rock b>' mean^ of a pick or '^^^ ^^- 

aawbax, and ihewctlgc isin-srlr-i in this slot aad driven humc 
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by blowa with tlio .^IHf^^liuninior. By cuttii^ a long dot, inficfibg 
a number of weJge8 at bu*r\'^t aii<l dnvinif iliem :ciiiiiik;mc«>a6i7 
tlie rock can t>e ttpUt aiciig ii ^iven Line, antl blocks of nio' ^iin 
^na ordinarily rvquinni ttjuit brokt^n out. WcmIjcoa hn- U 
mctft oorv'ioeablP, however, wh(>n tli(^ dip of the rock t» Auel 
to i^ennit their irwnrtioa between t^le etrata »o that the rod 
eplil aloikj;;iti^ uftiurolck'avajp^iinea. 

Plug and Feathert,— Fop removii:^ rock ia blofke the |>Iujr 
and foatijer is a mere satUfactory ini|>Iomcnt than a wediif*. Thii 
metliml of excasiitioti Ix-longa ijion^ j}roi>crly to qiiair^'iui: tJiaii 
t« (ttilinjiry pxeavation, but aa in most f^ngitii^ng 
\Mjrk?i wht-rr* r"<-k »»xcjivatiori i^ ret|uiirft llien* » 
inxHiirtr^' wurk wliiuli rr quires aton^ of rrgiilaj 
h}i;i|if, it i» ilexcrllMHl berp. Thf first rj|irmliiJii is 
to (hill a rtiw (»f liolt*^ s^jmc^I nt intervals tt!(«in ihr 
liiw of I}lc trit^:ul^il fracture. Tliewe huU'H rtmv Itf 
(irllli'd by Imiul or [iowit ilrill*, f'Xa^^tly as an* b^l« 
U*T hhisliti^ as (le^crJTjeit in asiiceeeilin^ cluipli^r, but 
Ibey are drilled only ahoui a fotit deep. In endi 
hole :iiv placed two feathers i^liich are imnlc of 
balf-roimd wrought iron and \s the form f^iovm by 
Fi;f- ID. The phip is a piece of fitecl of the fonii of 
a truncated wedge, and ic is placed between the 
fcatlU'ix fl'itf, Ifi) and driven lighL Wht-n the pluj; and feutliern 
liflve l>oen started in nil the liol^f-, the plutp; are driven tlown 
wmtiltanooufily by light blftws until the rook splila along the lin* 
of hnl(H. 

Channel ]ng-machtf]«. — The Hmnnrling-machb^o b a machine 
for r-Litting vtrtiwil !i]nu^ or chnnn(.'l« in r<)f*k, :uKf a view of mtch 
a de^'icc at work t^ shfiv-'u l>y I'ifi, iO- A vertiejil boilof i* ntouutixl 
on a car and supplies ^toani lo a vcHif^al cylinder, the pijcton-rxl 
of wliicli project.-^ downwar-1 and aurles a sort of croftshejid tu 
which arc clampcl the vdHom* cutting'tools- The ear traveb 
liack and forth on n track p^iraiiel and clow? lo t\\c profxxved 
vbich is niiule by the tool of chisfi receiving 
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.fie profxxved €4iUj 
: a rwiprociLdH 
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■ moti 
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motiioa from the motion of the pUton ia Die st^^ain-^ylinJcr. Ttic 
h of channel cut U it^nlly 2| ms. si thf- top &ti<l IJ n\». uX 
boltouiT Uic Uipor beinjt found dettirmblo in n-inovin^ Uic 
chips And divtr which acxm obstruct the t4x»l h>- a^umulutioi] 
tmltfAt fcv^t^^ f^l ^* This is frequently aocoDiplishcil by Gn^hiiij^ 
the Huinrvpl with n jet of water. The cultmg-bars u«?d are of 
dtflcrcnt Lengths; tho 8faort«6t la 2 ft* lU ins., and it will cut o. 





fdoi IS ins. drep, and the otliers uicrcftw in length «i]cccMml>', 
each cutting tlw *1"1 If* i:w. dii'|KT tli:m Hik prpL'&lhig. The fdgea 
of tlicHr kvuU iitv >hiii>f*ii 111 illlTt^mit way,H according In the iimtc' 
rial to be channrJevl, iiin) they aro pnmdinl with shnnk^ 1 in, 
thick and fl iiu*- nide, by which tlii'y are ntliurhivt In ihi; crciH^ 
heacl. Hir Inr^vM tijilirr riu|>li)ye<l w'lih thU iiiaddiK- U SS uu^ 
long, w* lliuL lln" riH^k nmst U- eTiciivriltvi iii irenHu's fnim 7 ft- 
to S ft> dorp- Til*' work (if the c^lilnllplillg■Tllae]|ille frw.** the 
rock fmrn lU natunil lifd, but only o[» Us vertical Mdos; tu freo 
It from Uie bottom oth^-r nn'iins hjive to be luiopt^l. For thii 
purpovs wedg*^ an? usi'».!, tht^y Ix-hig driven brtv^pn the arrata 
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if Uic rock Hr^M in horizontal lft>Trs, or iiito tlir IiqUw fomiofl hy a 
^iler if the rock w not etratifiod horixonUiIly. The KitilrW 
is Ik machine br whicb a row of tioriav>ntA] Imlra c«n be \Mtrt\i in 
line with Ibc Ihvr of the cultine. 

The cfficiimcy of thu dwnnfImg;^nL-LHurie vwiiw <rf course wiUi 
thp chararlJT of th<^ rock being workwl. ]d umfiiriu sancUlnrM* 
it vfWi cut iihojl 50f) M|» ft* 1^ chniinf?! p^ Jsy; ui ninrble ii n^ 
cut fnjiTi 70 io 12,1 M|, a, jirr ilny. In the excavrtiion of ibe 
Chif'Mgo Dminagt- Clfirinl, ^^lifri! I'hjLiincIingMnadiin^^ic Vfi't^ em- 
ployf.t] for l,h«* fimt Uiiif <m n Iju-gi? puhllc ftTjfk, th^'ir (rapacity 
mrigt.'il fnmi 50 mj. ft, jier lUy iii tht' moi^l ri!i1<?rial lo 500 Bq. fU 
in thi- hJir*|[-Hl luul niosi }[r>ino^iu*niiM mok. It has Ixv-n found 
by rxjuTinnujI that th^ Jnonl hntir<fa.[*(<»ry <lq>lh of cut is l«Mwi*n 
6 Aiifl 10 ft, ollhoitgh this U coDsiderjibly mon! th^ta tlie n\Trage 
doplh ill 4|uarr\-iFij{. 

Chaiinelin^-niftoUines are built by the* Sullivun Ma^iincr>' 
Company of ChicE^fo, 111., antl the In^;prwU-S<rrp^nt Drill Com- 
piiny of New York, N Y The featurcB of rifrit claimeil \vy 
the ntiikt-n? uixl appan-Dtly proved in Ihft ooiugtruction of tin- 
Chicnf^' ])raiiiM):o Clonal ore convenience in operation, ceonomy 
in fuel cDiisuniplion, and ediciency* The eoat of niniinK ii channH- 
Trig-iiiar^hijio on this work wqe given by Knffincrrinff «V«tra m 
Jollowrt: 

Wogcfl of (IrivpT. 12,75 

Wogtdof hrcfiiun 1,75 

Wu^j? of ht'l|wr 1.50 

Blacksmith and trum for haultnc drilU 0.68 

Supcrintemlcnci? 1,33 

Co6t of cool cJuUvcrcil lo utachijw 3 , 50 

Totiil tlO.M 

Tike ecwt of working may be ^)pro3dnuU«^1y Immnl from the 
fnllnwing figun^, if^fc-rring lo a fairly repreftenlatire motith^f 
niit*nilic)n iif an LigcnuiH-i^i^aut cliaiuieler on tlie Chicago 
Pmiiij^* Oionl: 



ROCK EXCAVATION WITHOUT BLAffTlSQ. 51 

Driver's wages $80 . 10 

Helper's wages. 39.30 

Foreman's wages. 48 . 58 

CoaL SO. 00 

Total $247.98 

Square feet channeled 4,020 

From these figures the cost amounts to about 5 cents per 
square foot* This does not include the cost of blacksmith's 
work in sharpening tools; adding this and such other items as 
oil, stores, etc., the cost of the channeling work appears to have 
averaged 8i cents per square foot, or 2.8 cents per cubic yard of 
excavation between the channels on opposite sides of the canal. 
.\11 the other it«ms, as repairs, interest on capital, suiking fund, 
etc., it may be safely assumed that the cost of channeling was 
3 cents per cubic yard of material excavated* 
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EXCAVATIOS OF ROCK BV BLAaTlKG: TKK DRIMJNO OP 

uoLt:s. 

The excavation of rock for llio execution nf public work:!! 
tisiuJly (lone }y\- blofiting. Hlaatlnj;, a» liiu^ nln'tuly b<^n cxplttuitxl, 
!d the operation of elmttcnDg rock by the u^anlniKK)u» ^MK^mtion 
of a large voluror? of gaa in n confinoil 6|mce. Sc^-eml tliffrrrnt 
o]xrnitJoiis ore rpi^uirrd in blasting r<)ck; the limt is ihe rlnilin^, 
of holes into the ro^k, the second m the cliaricinic of thew 
with an exploaive. the thiM ia the closini- of the holes by t^unfrii 
juui the fourth is the firing or ignition of the charge. These o] 
ations arc dc^bcd and c:cpliiiDCfL in tkb tmi the two eucceetling 
chapierv. 

The drilling of the holcp for blasting opcratioiis nuay be 
either by hand or b>' ruarliintMlrill** lland-drillmg is c'mplo)"fvl 
where the qusintity of rwk i-xnavatod w so muiW that it mil not 
pay to in£tal ;l po^vr \Atml and om]jloy nrnf^hiae-drilld. the 
excavntion of wimll tranches for pipes And conduits itndcr city 
strct't* U an cxaniple of such fi case. The tooto Used in drilling 
by hsirnl iin- cmwbars and haml-drills and liiunmer^ 

Crowbiirt,— 'Hie crowbar used in dnUiit|>; is subsiftnliutly simi- 
lar Ui till' one uPed in excavating rock without bhtstiin:, which 
ban alnatiy been dciwribcd. U i^ a steel rod 1) ina. in dhmrlcr 
and from 5 to 7 ft. Jong, the t^To cnci« of whidi are i^ar|jriwi[ to 
n chiNi'l ctige> The mannrr i>f operating the bar in drilling "» to 
nii» it and let it fall verlicjilly. turning it slightly in the hand 
eadi Mow. llic continued repetition of blovra drills tine lici 




TitK tIKTLLtXO OT 7K|C HOLES. 



S3 



The diiflcl od^s i» nuulc About I io. wider tJtaii th(^ <iiatnel(^r of 
the shaft of Ibc bar, m* that the hoW will hc^^ut larK^ enough lo 
pre^Tnt any binding or wcclguig of i\w liar ai*tl thus permit it 
to fall f[Vpt)\ The ol)J€ct in tumijig tlio Ijar at each blow is to 
nialu^ It strike a frtsh surface of rock. The bole is kfpt vnt for 
tlir- double purprav of prevniifiiig tbi* lipntbig of the Uir mid »of(- 
euing the nwk^ Tlie cbiji^ hikI ilui^t which ar-^umulsite in the 
b(4e mvBt be tvmovpd rrcrqimnlly or elw it wib bjmi a cufdiion 
which will rtop f«rlhi?r <'ui;ing of th*- rrn-k. Si'mpiTs am? em- 
ployed ft*r iFinpving iIioal- di^brK TIk***' utv iron rodi* I t*i 
J in. ID diBineti>r, nitli on? t-nd fbli''ncil atni.l tuminl up to fomi 
a flcoop. Wh^n boing iiiH^rtcd tn the* h"li* t.hi' wrnipr l-* lunu'd 
in the fingw^ «o as to taki* im :\ Umil of rbijis i\n*\ «bisfp whirh i* 
th**n hoi*l«<l out of the holo by wUhilniwiug lh(^ scnijx^r. Thi* 
op4*TAtion IK nTwaitfHl umil ail Hh- <lci>rr* la cleaiwl from i\w holt*, 
friUiui; by tii^'ann of b(4!-5i i.- ^■T>^^- 4^»irif*ipiit in K»cks of fiiiaU lenaeit}", 
like iBan<bit']inot> athI t^al^^'iin-mL^ rtK^k^. In theae materials a man 
worthing 10 hour? u ibiy can drill from 5 to 15 lin. ft, of Wft; 
fctr harJrr rocks the th\H*\ or hond-ilrill and hAmmer art^ nwrc 
clhcii-nl drillinE;-looh. 

Cluwl Off Hand-driD-— The hand-drill (Fig. 21) \b nn iron oi 
W«I rod terminating at one end 
ui a (-nUiitg edge and at tlie other ~f|~ ~||~ |" '^ 

t-nd til a flat f-icc to rcw-i^T ihr bloiv '^ '■ 

iif llir l]3fnmei. As m the har-^lrill 
juiil f"* l)w wamo purptKv, tho hit \i* 
nuuli* Killer than the .^hlflk of i1h- 
ilntl. Ibir^ exTcav* wiflth iTin ing with 
t!*e <kpth of hob- 1.1 !«' IvmiL ^"* ^'■ 

HanuDir. — 'flv* liiuiiiiifr (Fi^, 22) ii!*tl with 
C<>Q»4UlH i»f a |nniUi-b I] >!]■*! Ion uf iron ivilb slii*! rmls, niid nu ey? 
At the miior to ra-rpK'«^ h hanilli^. Tlii' Wf^h of tht' biinunro-hr-ad 
U iwially from fi lo S in^, jiml il h:is u cr<i?tri-m-<MMin fmm 2J to 
3 tn»f. *<iu;mv TI* liaudk^ is usually about Hit in^. long. The 
total wv^lit of the liammer m about 5 Ibe. 

Method of Operaifon. — The manner of operating tl»e band* 
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ilril) %t\i\ hantnit^r h n^t fuUfi\v«; H:J'ling llirr tItIH a^iiist the n>ck 
mill b hU Ir-fr Imucl, ihtxlrllli-r ftthkis lU luui) wilh Uie liaiiuuer; 
hi' tlu'ti ml-<i*?< :uii:l UmiA ihi< ilrill ?iltghtly niicl n<|H*uC^ Uiu blow. 
Tliift proocss la continued until the hole rcacli^a Uie n^oLn^l 
(lopUi. As III bar ilrilliiii^, the liolo U k^pt wet oiut the ehJpa nn^l 
fluat ure removed &t intervaU with a ^mper This meil>o<l nf 
drilling is ver\- ^ow, and ahouhl be used only where n few UoUii^-l 
holc-s lire to be drlUed or where an occaflional boulder tt encomt- 
ten-d and has lo be removed liy blaatin^ Where a cotifLidembli' 
nUDiber of holes have to be drilled tlie preferable practice lh to 
employ three men to each diiU, one nma ntanipulatint; the diill 
and the other two atrikinp it with sledees Uke thai already de-j 
acribod but vi-eighmg only about 10 lbs, and ha\iuf! lander luiiidled. 
The drillfl used vaiy in length from 2 to 10 ft. L'mully the 
men alternate in holdup the drill, and the blows arc delivered 
alternately by the two etrikcR. With expert workmen tlie 
8teiulinc33 and P?guhtrity of the blows is quite remoikablG, the 
click of the hommem bf^'itig nd steady ajid monotonowtly regular 
a? the tick of a clock, Tlic projn'ess of work with hand-drillfl 
aud lianiiDcrd varied with the char^ictcr of the* rook. 

MAfHIXE-DRriXlKO. 

Tlie drilling of the holes for hljuittng a^irraticm^ ifl more usually 
performed by inachim^ thmi l»y hiuid. Sevend fornix of ro<*k- 
ilriJling iTUicbLn<'» or |>ower drills have bei>Ti devli4od^ but they 
niEiy :lJ1 be ehts^cal either as perea^wlon drlUst or rotatory diiUe. 
PiTuus^ion <lrdlH, as tJieir tmjne iiidieales, o]>erate by strikins 
A seHe^ of gharp rapid blows, while the latter operato by a tnjo 
boriii£ tic'tioTi like u earjionrer's aujpjr, 

Percusfiion UriUs- — A pereuaaiou drdl may be described iw a 
inuchine <lei(igne<l to operate a drill-bar with a reeiprocatinjc aiotioii 
80 thut it alternately atrike>a and withdraws from a rock surface to 
be drilled. The opcratinj; meehanii^m may be a piston working 
in a cylinder or it may be axiy other mcehaoiAin capable of pro- 
ducing a reciprocating motion. Besides ^ving the Dcccfisari' 
reciproenting motion the operating mccbantam 




mii»i gradualljQ^H 



TBI: DttiLUVo ov ihk Miir»^ 




rufale tli£ ilriU eo llml & Irteh Rurfocr i^ always prMcnt^ to the 

1 1^1*, *n't it must nlB(>3ij|vpiK^ Ihc drill aa lhi>hol<'(WpciMi-. 

V, ..^. iJiriciutt ArM ULeputoii-clriwDfomiut drill, and ufU-m'arde 

ot Vt forms. 

WliUr pbton - ilrivcn 
ilnlU nn> WnuJIy or^erAteft 
by comprrwcil Air» Ihey 
ran, by nitwit mtHlifi«a- 
tiuw of <letaitt be opt'ratfil 
byri^jmu Thin letter 14 lh« 
IKrtTiT Ui^ially eni|Jnynl in 
contnu-t vnirk tuii] if|)«ii 
excavHtion, CiiHum-wtti 
air i» iirrfi^rml fur mintH 
«ml iiiiilevgntLinil i|uurr]a«, 
anil «^\iftr m Utg«' tniml>er 
«f ilrilh tirv Hiij*pU<^f fi-om 
oiH* pbuit. Die temi 

■'nwMriJl " fe (Jnirtftt uni- 
TwaaCy adopewi for aril!« 
of pisloD lyfit wh^ilivr 
air- Of uli'^ainlrirwi. Th"* 
Tariout (IrUU on tli^ niju-- 

IcH on- pructtcsJIy i^k'ntirnl in prmcipJi\ and ciifTcr oiJy in con- 
elniction delaUj*, vaIvc action;** and the inatcniUe used, No 
niflolam* i8 wibjwjt lo more wxTtt ?icrv'iw, iind *ckction should 
be t>a;<r<l upon running; qualitifvit, cuttinii: cnpucity, and cDilurance. 

TUc roct-dnllfl of the ln^n<i>lJ-Rfiiii] Company may be taken 
u t>iBCttl of this da*« i>f Tnacbim'ry. Thry an' made in two 
tj-pr?, db<iinpa^ie<[ by iUv valvi^ mo^^menti* I-ij?. 2^ diu^iirati'^ 
thv rVrpanl '^Adxiliary Valve *' drill, itjmiiilril tm n tripcfd. Tliiw 
liAft tir ujtuftl drilJ-cylinder, hiding in a Ktiid^-^bfll under control 
of ft fnfl-frrtw nmnipulat^'i! by n iraiik- Tin- jtbHI in time U 
n^i>tint*-4l fill llu^ tn|K.*<l sntldli-, T1il<« drill biv< an ^,i^^ or steftiTi- 
ihmwii %'mlvi* i)f .Hpixit ty|»". Pri'wun" Ix iLlfnil.ti-il Ui throir tlda 
Tslvi* by H MEiall Are-Hba|ifit AiuilJary valvi- u^birh it; struck and 
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moved by thi* \TAxi\nti in it» txavd. Ttic lulvMiUgc* of ttu« viJi 
movement 1^ thnt vrhiJe Ihc main vnlv^ i:« haljincoil ftnd in<li>pi-tii 
<*iit of lh<^ ]>ifiU>n, it if* poBilivcly Actuati-tl whAlcvcr the *trol 
The nmin valve n^Xlon w inilf^jnulent <v{ the condilicm of l! 
<:yIimler-Ujn^ or llic fit «f thf punlim. Tlir >Uokc i^ vArinblp from' 
& niinJmuiu of hlidiil 2 mdic^^ up li> i]ir iiiAxlTiitirii ^kf t1ir lirill.. 
llie t>]i>w Kt.ntck b< AE>f<u]uf^ly tlIlrll^ll)onHi, iliiiI lliie< iLril! is lul&p 
&Me to rrjck of evr-ry il^gree of hnnlni^w mtd v^i^vy (quality lui 
true lure. 

Fifi. 2* illufttrateft Ihe n^nti "Liu3e Giant," ilrill. TliU t* 

vah-p w nipcjiaiiirally thrown \r_ 
H [A\t\tei, ur nicktr, which 
wlnirk by Iht- piston. The val' 
in fills drill ik hn^wurrii jind fre*' 
from rxi-i'Sfciv W(»ar i3u<- to pr^*- 
Mirc. Tliis cirill i« ptK-uliarly 
<'ff*Ttiv-[' wh*TC steam is to kte 
uw^dj especially if t;vcI titcani an. 
low prc88iire only fin? availiil)lj^. 
The nLaimfactiirom cUi] 
that an <'\cliinive fealor*' 
cspi'Cial value iii ttieee Iwn ilrilj 
IS the "release rotation," will 
frccrt the lifte-bar when the Mc( 
slicks in the hah and lhii« pi 
vcut« broken rifle-ban*, Iwi-ited 
fttecifi, anti bioken nhanksL 
tflhtrr marker I feature in tli 
drills of tliifi comiiany U |] 
Ijcrfect siiniilicity, ih^ aliHt-nn' ci 

j*omplic»tion laying ihrin oiirn to injury. Eiiduraner* is f*4"in 

by the Ufir of iron nud t^Ui] nf extra (quality am) tijiedal I] 

ni^iit'. 

Thi< tn[Hiil nioitriliiig is ihi* out* ti^imlly employed Id o1 

rxi'Hvniiiin, ar^ (|LMTrJt-»^ ntilivuy (!ijl>, mnlrHct workj etc. In 
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miw ud tuioM'l flrilk, ih^ tuimc! column (verticftJ) aiwl the shafi- 

IVnw of ti ilriJl in iu;ii&]1y (i^-^yfinat^J by iu pylinclcr diameter, 

'n^fBrtkersio rjue^tloA furlh^ \ise a atxe letter whieb cijstingui^hcfl 

lieliDrjto of ^w, ipyihg ji wrtair fle\iUli(y within (hr*c iinuw. 

Tbr fcHowing laWe from ihi- Iii^nioll-Hami CoDipany gives thc^ 

BKXFimporlADt data nf^iliitg rhcir ilriliR, 
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The effjeieocy of Uie wr-drill x-arip*! wjlh the dmractor of the 
roclcn ManufacCur^ra jsone rally 5t;Ltf that the nvcra^ work 
per terbbour day lirilliu^ holr.^ do^nnwarxl nrU inr^luding Ihc time 
lofit tn scUtiuE I'P Uic drill and r-bAHfiDx the 1>itrj ni^y hu ii^k^uncd 
lo be (rwn 5U to 76 ft. of IkiI^. Tlic wtxKvx, howrvtT. kept 
n^cordfl fnr ncurly *ix montlrf of the ilaily wurk p*fTl(>rrned by 
ten :ur^lrillif tvorkinz on \X\t. nuca-fldiwt rofik ni Niw York City, 
whieh w miich softer than i^mite, and found thf- uvenip- t<T- 
hour day's work to be 45 ft. On ono occasion a driU m&.*k\ 7^ It., 
but tlua was an exocptional instanec and waa (he maximum 
record made by toy of the tni dnllrt <>l**!rvc<l. The horse-power 
mpjire<l to oi>oratc an air-^lrilt \^ from S to 10 H.L\ per hour, 
acfonltnfi to the i^ixc of tht; drill, and consequently a portable 
vtenjii-bodler cunnot opcnvtc? more than four drilla, 

A blackball t1i-?4]op ia a iiiX!<?E<ary oiljuiict to a plant of fur- 
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drills, M the bit.* have to be frequently sharpened, c?:^»eci;ill3r 
when the work la b granitic or fcldapariiic rock, A black&uiitb 
wilh n boy h<'l|«T c^n fthaqx-u the bits for four drilla. Each ilnll 
iH (>|wrjiteil by two men, and its ruimuig expense* arc conip(i*r*i 
of the follnwuig Ueriia: 

One-fnurlh of the daily expense of the boiler. fiTCinaii to- 

cluded K.X 

One-fourth the blacksmith-shop cxpcnacs L30 

Two operators, at S2 per day each . • ...,.- 4.O0 

Total ex]jenAe 17. M 

This eum divided by the number of feet drilled per day give? 
the cost per lineal foot drilled. Thiw, in the ciisir previously men- 
tioned a* rrcorde^i by the author, vrh^re tht^ drilla avcragnl io (U 

per day. mw j^-,166 per foot- To thw must be added the 

nmintrnanrr, Itil^^rest on invr^tnwnt, imd winking fluid, 

The ini'iiinlhig n'lDiirk-s hit\i' rt"fi*mil lo [lisUm-drills ijihthTwI 
by st't^ruti nr etinipn*ani*il nlv. Rrtieully rli'tl rindly oiwHiir-d prr* 
euMuin-tlrillft liiive Ijecu jjia ini thi' inaiki^ nitd are nmHlilc^niblr 
^^mployed in siMne Wenloni mines. The ^iieral aippearnnoo of 
these electric drills in mueh the wuiie a* that nf .lir-drills, and la, 
fact airnlrill mandanli^ arc followE<l in all poKsible featureA. 9^| 
€ml mamifwTtur(i>i an* uln'iidy tumirg nul plectrit' drills, al]^^ 
which aiv i-onKlnieli'il on thr *iarae priiieiple. Tlie folkkwiii;; '%% 
description of the Durkt-e clei'trie drill, taken from the Enr^ii 
New ft: 

Thi> Durkee drill hpi^ llluRiiaied (Fip. 25) ii* opptatM hy 
flexlblL' shaft, wliich is in effect seveml eoil spring wound in f»ppo- 
rite direeiion, one over the other This fthnft is driven by a 
portable elecirie motor of IJ H.P, The slrnd is atUichod to a 
bevel-gear drivinf; a erank-shaft, A, wlaeh poseea tKnuijdi the 
drill-cubing. The erank-pin works in ttie elottdd horiiont^d arm 
of Uic lielU'nLiiU I(^vtt» which is mcuiired on a shaft JourniUcd 
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m the caniifi. Tlio \v-rtical ana atraiMlc^ the 'IriU-rod an^l ia 
fiftr-l lo Ininniobfl on a casting vrhich elirlcs on (lie nxl. Bclwccn 
tbki ni^ii>g and collare on the rofl ait coiled i^pringa Uirrugh 
which ihe iKHA-er is IranFtiiittted for nioN-cincnt of ihc roti in »'Jich 
iliirction. The jjaita are ao proporTioncJ aa to give a »t»qi 
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cutting stroke and a slower return &troko, wliilo n flywliecl, 
on Uie rr&nk-Mhun nli«o provijlc:^ ior unlfornuty of action. At 
llw b^l of tlMf hjil in a rifled le^ction, or mtcheled ro<l, vrorkini; 
m n lifted nut by which ih*' peqiiirml rotary movement id jciven 
I* the driH-lj"t- The restating lie^ice !\m\ the chuck are the eamc 
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AB ill coniprpmcJ-Air *lrills of ihi* («ilSh!iry typO- TI«' rylimlncal 
casing Wi litt^iJ U) a Millie nr feiTiUlalilo (ijxTtili^l W :i frs^fUio^'tr 
aiul rr.ihk-tiaiidlci in Oit iwuiii ^^!ly, iiiiil HiU \tt\t\f xf jrmuQi"] 
i>ilhfrr upim a column, tripcxi, or bar» accorvilnft (<j Uie rp*]iuny 
rnr-nt-H of thf work 'Du' umehine malcM olioui 5S0 «trvi4w'> [tf'f 
nuiuiu\ iwil its tn»igja, i'Xt'lu*ivc of the inpod or ":b*r wipptTt, 
U nbriul 2^ lb»- A number of nmchinp^ are new in it»e In iiuniiAX 
op^nuioEiM, mul Ibey Jirc inlrwUuMpd by the Mine and SineiTcr 
Supjily OjTii^iJUiy <*f IJcnvi^r, Col, 

The Marvin Electric W\\\ CotnpHny of Binglmmlon, N% Y, 
nmnufacture a percussion drill <K*pvtiding for tU operation upon 
t be wcU- known ^ol^noid prim-ipliv ftrfrrring to cro^-aectioa ci 
the drilt ^Fig. 2^)* the part [iiniki'd 3biidoublreolciioddiJHideof 




which the tiviWr pjirt, rorr^^iAjKnuiinK to the piston of an ainJrill, 
is irvt in mov^. A ^iH'riiU tiirronl h Biip]jlied io ihi? <ioub|e extk- 
noici in »uch a rnanitcr a;* rn caa^ ihh working part to recaprocntc. 
Tlu- itrillifl niouiii^ii on a iripod, luuUt ditfiM^ vny Utile in ap|Ma^ 
ujiw from an ordinary air^lrill. 'Die a*)flcn[re of motor, rbe(i^at4 
startiiig-lHix, nankft, r^haftft, ^i'tin, cjiin^ parkeil johita. doee tit^ 
8tjning:-lH)x<7(, and exhan»l«L i^ alwayin fLpfin'cJat^il in ooitung it 
rontnrr wilh fhif< rttmhiiH*. Tt ha^ l>eeii on the market for nonr 
liTiir, nt\i\ i^ ijcm ciITrmi in Lhree niiea lor hole.i duirn to 4^^, anl 
IC n-*|»'clivi"iy. 

Rolftry Drills, — liolary liiilliii^-njiifhiiie^ ai* very hthliic 
empioyi'd in imliiury e.\ravRiionn» althouj^i they are oxtensdvtl)' 
uwhI in luitrteltng aii'l |>iCH'p»'rling. an<l consKjiienlly llfceir l»^ 
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anums cooirnctor* ia vcr>' limitc^l. RoUr>* drill*, n* the nam(> 
imlicntf^. boir lioW^ by roution ; tlial U- a cere of rock is cut out 
(ij- tt Itollow ryliivkr provninl wilh a cittlmg wigc hivbg n rapiil 
niUir>' niovcnK'rit and |>ji;iti^l wUh grral fori* njeninM the n)ck. 
On Ui'tf pritK^ipIr tuu kindn of iiuicliinc^ nrt built, Ji:uiicml ilriiki 
atu) lli4vir nitb himWiril m^\ \>iU< 

niAtnontl lirilb mrwni cJ ;i Ju'll'iw hit tm (be ciittiitg «lgt- 
of whirli tVn< iin^ LlLitntirdti ^-1 tri mrU A 
majinrr thiU ihi'V iire* l}if> inOy fmrt »f the 
tool omtmiiE m rrfwiiiu'i with llti< nn^k fPig. 
2G>. An rtftitilial fr»mr-Mif Ik*^ Tiiitrhiin-^ 
iia rtn*3in Iff thikii>i- rorvHii Uirougli the In- 
t«<ru>r i"{ th*? t-it fur iIil- iluuhle iiuri^Wf' i»f 
fc4*civiiig lb*- bll rood and tlie bole clear of 
MNlitiurai, whHi B forroil out i>y tli<^ ph?»*urv ol the waller. 
IHntuocul drillsliore pf»rf<^tly fitrai^bc, amooih UoW to any (i<>plh 
_cr in tiny *Iirv<rtioD from venirnl to hfirixrfnt^ih brinjiiiip t^ th^- 
ftttrfa^r a M^'i rfciinn i>r r<>rr ol nIL iirmta |rn.v^^i ihroii^h, sho^N- 
'wc *1*W cxiict *ii^t^lh, tbickn^wi, nnd lh<^ chamctcr of the rrck. 
For tlicsr r<*JiJ«oiB« Ihcy an: t'onimrmly employed in prospcctiiiir 
uul fiiT eeuldj^i*-^ IHiriHvwfl: but they couM lie ;jl!W> fmployrd 
with gmit ailvmilagi? by engineers ami coiitractore brfoi* under- 
lAking tnek rKcavAlion of im|M>r1unri? jti onlirr lo ili^lMnmir 
boili tfir nntiin' iif rill' M)il :tm1 thr IhirkDrvt :in<l ilinvlioTi i.if 
tbe nmtH til b<* Tnrt. wilh. In M^c-h i-:u«'^ tlu* hunl (luiinfm<l drill 
eipablo of boring IJ-m^h hnli^ And titkm^ oat 1-iitHi cnn^ will 
\se fnuntl vi-n' tb^fiil 

Tlie imirhliif- \a mounli^l on hoUrm' fltiimbinU, wilh hollnw 
bock bmet.'s, tbua combining' ^irpngth, ripiUly, mA lif^lit \\<<^iff1ii. 
Two cmnkSf one on each side of the siniidnnl, nn^ved by hu:\*\ 
mid ^nptpiv^ & system of cop-whecK inipan a rapiil rotarjf' mov<>- 
nttit to Ibe eliaft and coneet^iifntly ti> the bit. Tlio puinp fui^ 
nUiifHl frith tbis Duchbe ig mounts on one of the columns ns 
f<lR>nii in the cut, ii^n*! i*; wwkiNl by iin ecwntnc on The m;vn orank- 
f^lttfl. 'n^ lifting apparsituif U mounted on the bnck brftces* 
It ooosiAe of a drum wouinl with vriix^ rope, and the rotU arc 
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rfi&ad by hnrnl-po*T*r viiU rope aR<i blnckft. 

iiiaelittie holes <*jiii be 1x>nxl 1u a ilcptli of ^tOO ft^ ajitl it m opemUid 

by onily two niiti, who may irajw- 
fcr il whta* rvquirtxl. «iicc tin 
totnl wciglit of tlic machine if 
oaty IW tb^. Ki£. ?7 shows a 
^nnflll RotAry DiAtnond I^rill ojw^ 
utr<l by sl«iuti il« coj]5tructni by 
tW ^tdlivan Company of Chicag«j. 
Ortitig 10 tin* uti'nt risi- Id tbf 
|iri«- ii( ili^moiitU, llie r<t<* nf 
1-xinirlIng cunra by Uie iltninifful 

itim'iiMMi, anil ccii4ei[ueul]y rr^ 
myun^ vn\» liiul to a nevr drill 
provi«le(l wiih a htinlcnf^t mwl 
bit. Il wd« inveiilinl by Mr T. 
ILirley DhvUh uri Au^tnLliiiu ^iiK^n^r, ajul introilucpd iu tbi* 
t'nileil Siati*9 l>v Hie Davta Calls DriU Couipanv of N<?w Ycok 
nty. 

Tills iitaoltiii^ both in fioiieral appc-amncc^ aikI manner ol 
working, iswmiilarlo che (tianiond driUin^-inachi]ii\ 
with thi? iliffcrpiiw ihnl il»<* cutlintf. hwt'^Hd i>f 
i)Ciiifi doiio by tlianioiniii, is pprfiinm'd by iiKflu^ 
oS sl^t teeth of i^pecial coustrurtioii, ai< indicjiU'd 
by Fip- 28, The Kvth an? 21 in*- Umjc, i\ in. 
thick, and \\ In?, widt?; they arr ^mitiLt on (he 
cutting cdf^, witik tbc back at an »n^lo of 30° or 
35°; bctwrcn caob tooth Ihcrc isa groo^'e, Whcji 
the Icctli wi*ar iiown in a Unicth of 2 ins. th(*y iK^fnl ^i^ Qav.1 Cucur, 
ttj Ix* rrciit. 'IIr" Dtivirt cuiut hiLi* n e^Tt of ^^^ ^ 
hninincr ami chml aatloii, riUtirit; th^ rock inio 
ttiiiidl cliiir*. A |Htuli:ir fn^iuw of iht-t <ln11 i.* tlic caltx, ti\ 
m Fig. 'J9, who^ olYic^ \b to remve tbc c!iiiw of l!ie 
ftn*l hold ilirm nittil thoy are ivtaoved with iIht core- 
-oriliEmry method of operating the drill is ver>' Mtiiiilp, Puvfv 
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lecrtnHl Ihroufili a horiioiiUl ^Itaft auwl is Jclivcroi by twvcJ- 
irhecU lo a burixfintLi) ^vHtI n-hk-h piV^ the drill-rrKl by »tiitAbSe 
itiMliDiuam. V^';uer ia furnif^titxi to Ihe drill-nxl fmm n piunj> l^y 
mcAns o( a hoee. A hock ln?^rlc(l at the top nT IIjc rlrill-ro<l « 
for Ibi- pllrpctt^ of hcoitlinz Ihe drill-rrxi, wiIIl ita jiUncKH cutter 
ami calix, lop^tlw^r wUh Ojr nirt* of rock fmm llir Ihht. 

TliP IXivU culler, ii1tlii>u)ch it cuia uIiuihI, smy kimi of n.K-k, i» 
ver>' elfscieDt for Iwrbi^ llmm>;h AnniiMont*^ Imnl t^hnW, niul 
^lUar soft nicks, Tliew havt- Iim-o jnu-trirt-tl jtt tlii' mir 
of ] iii. per ntviilul.tuii <if U* oulffr. Hil- drill ih lufummrLun'Al 
in (liffeiPiit me», ra|iable <if i^itif^ out cores frniu J!i ta lOJ inA. 
in cQamBlef. In New Vori a con? of 10 Uif, Iu dinnic-trr wb» 
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lakeD frfvn a bore^hole 1 1^ uts. in dianiefcr, drillrtl for the Stokes 
AtMirtm^ut Uoiel at Sev<?aty-lounU Sirwi ami Broiwlway. 

Rotary drills ha\*e not so far ftynnd ppiicral (^mfjlovmeiil on 
pdblio wmte; an excepiion, however, should be mad^ for ihe 
Bmtitll'e ti>>lrauUc (Iriliicg-Diachinc*, which has boon someivliot 
C3Ct«iidvety usfd to the more ii>c<^ntly excavatod Alpine tunnr^la 
of Conti»entiJ EunJpf. The linvnUl hydraulic rmrhine was 
im'CTilfti by Mr. A- BranHl, ami it wii* cnipl'pyrd f<»r Ihr fin* 
tiroc in Uic excavation of IhrSoimcnHtt^ln tunnchilontz IhrCrt^miin- 
[■IbcTiBc* li. It* in tbc yriir 1S77. 'i>ir Bmmlt uiurliin*- rr'- 
ttlved a fair test in tbc Pfatf<'ii?*pruiii: trnmcl of the SL(i(jtIin.nl 
R. R,, and since then it whm cm\i\iyyt't\ i%» a ^ub»tiluto for iJio 
percimoQ driUbig^jimchinc in tN- .^^ilx ik tiw\ Brundli -it^^ tuniiolB, 
anil it is now tlie only (iiillins-ujui^hiui' uHt\ in tlic excavation 
lif iW. %Dplan tunnel 

Tlie Brandt uuiclkinr c^L^ifllfl <*{ a foiir-wheelctl carriage sup- 
jionijig at the center a brani jirovidcd with two arms of different 
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lonfE:th; tlio diort nrm riirrloft l\yv bf^rin^ tu<*cIiaiiiaiD, while the 
loiiiPT one I* pnivi-kti wilh n 0'nmU*n">L«*- Th<^ ^liFtribiiior is 
locutccl rKUir tl* ci-ntiTof ilii' Ix-iim, Tlic- short nmi ie furiiUlu^tl 
with a donip hobliTjg IW biiltiu^ niUinm, whkh Ufi wrought-iron 
cyliniK^r vrilli h pliinp^i-r cmiatittilin^ u mm, unci lh januQMf by 
hvilinulir jircftiurc U'lwtN-ii tho \v:iliH I'f th*' hi'niling of the ttinnH, 

cWit abulnioiil apiinst the ivueiioii of tht? drill. Thi-i buttii^ 
c<^lumii caTi 1m* rotiitH! on \x» clamp in a pbno ]>;tn$llf<I Xn tbc axe 
of llur Ix^aiii, lliroc or four eeporaic l>oriiiK-ou»<^i>"i'-'** mn be 
inuuiited oil the cotunin aiKi can be adjusted in any ivnsoiMiblc 
posit icn. 

Tljr- boring-machine periorms the double function of continuidly 
jiTfSMng the drill into the rock by mc^nxiA of & hollow ram (!) anil 
ct( iniparting to thr drill and lani a uniform rotary motion. TliiB 
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rotBiy motion is givmi by !i iwin-tyVmder t^ugV-sirling liydrnul 
tiiator (K), thf Iwn iiisf.nTih, of 2j ifis. Ptn>k<'. urtitig ivciprocal 
a* valvo*. Tlir i-r»nks nr»» fixi'il jit iin jiii^U' of 9(>* to rtirli otb 
on tbc sihiift, wbHi earncs u worm, ^ariiiK wJlh a wonrKw! 
(Q* rnoitnU'd upon the wltcll (R\ <if flni bnlkiw riim 0)p 'md 
i4k'I1 ill («m oiigagi.'^ tUa rum by a lori(( fcjilher, leavinfc H ti 
to ^lid^' axlally tf> or from the face of the rock. The uv»i 
*tpi'i'il tit ihi' moinr in ITjO lo 200 rp^oluiion*: per minuti 
Tin? ki«ft ifi |Mnvt'r l>elwx'eii the wtinii nnd v-'«nn-nhwl is only 
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prr €«nt. at ihr imoet; the wonn heiiif- n( )ianli?tml eti^l ftml itir 
whrv*) oT gun-niHiil, the tiro rdirrnces iii coiitfiet iiC(|uin* a high 
■UTptr <rf |"ilU]i. P'*ultinj5 in liule wT-nring fir bi.'^ing, Tnkiiig 
inl<i rniMidirrUkiii :J3 oihcr iwurceri uf Iwaf^ "0 f^r w.*fit, iif llw tn(a! 
jvnnrr » iililixed. Tbe pr^amre on the itrill ia Pxrrti.Hl by s ryhit' 
diT ant! hnlli»w mm (f) vhicb r^^tiKx-si alxiut Ihc diffi^wTitial 
plMnn 5, which U fixed to ihe rD\T'lope hoHing the *hdl /?, "nii* 
9n\Yk^ « rigidly connected to tlie bed-plnl*? of ihi' nmtnr. auul 
hy m^ann r^i the \iettwftl hinp? and pin T \y hHd by iht* cliunp 
r vmbnu*tiig tljt bultin^ column. When w-aU^r i* ailimftod to 
the space tn frons of tlic d;tfercntLil piston the rAOi earr\ln^ 
the drUliikg-loul t* Uinwt for^^md, and wtum mlimtlLiL to the 
aoDUlar ^mer brhiihl the ^wtton, the mm it'<h^1o«, wUlulnt'ci'inR 
Xht tool from tlie V>I3.hi holo- Tht? drill pi\>i«-r w a hollow tn*>c 
<rf lough atM 21 infl, in exlcmol <liain<*i<T, annod with three or 
four flJmrii and hani^-ncd t«cth, and rnakt-w Irorn 5 to 10 revoluiinns 
per tntnutc, lu^ording to Ibc natiur of the riitk, Wlu>n tlie mm 
hott mdifid lite end of the* stroke of 2 ft. 2i idji., the tool m quickly 
vithdnkvni from the hcli? and unscren-rd from th<' mm; trn fx- 
t«naioii nod ia then wR^nr^l into the h>h und into the rtaii. :ind 
the boring bf cicmluuMHl, vliiitiiKi.il If-ngthn U-iuk ^i^lded su^ the 
U)ol griiuhi fonrArtl; each changi- of tiiol ur rtnl l^iketi about fifteen 
lo twrnt_v*fi\-r Wf*c<>mL*» tn (irrfiiTni. Tlw fxt^'n^ion nxla air forped 
su*! mU-H filti^l tvilii f niHhn-julnl »'n*wh. imd liuviii^ tlw s;ime 
t-iti'ntid dbiniPliT aa iW dnil, Tliry stre mmli' in *itandHird leii^iUa 
of 2 ft 8 iiPi-, 1 ft. 10 ins., and llj 'n»* Tim toUil ^r'i^ht of ttie 
drifting- nvu-hW U 1^64 lh&,, luid that of The butting eojuinn 
when full i>f w!iti»r U 308 \\». TIh- exhauat-watpr frrjin the two 
motur cylindcv^ t^aeupcfi through e tube in the cent^T of ih: mm 
and along the Ixiw <>f the (^xtensioai rods and drill, thetrby *riniring 
aimy lite debris and k4.'i.'piiig tlie drill cool; any T^njjpHlunns niitrr 
fitid# AH exit through a hoae below the motor and thence* nv^iiv 
d'vmi tb»' liemliiifi. Tlie ai^a of tho pwlon for mivitneing the 
tool yt Ji»l B4i im., which, tmder a pressure of 1470 lb*, ivr square 
hch, givt-fl a im'fiflun^ cf o\'er 10 tone on ihf tool, ivhile for with- 
drawing tlic tool 2) tons is available. 
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In Ihc gnpiA rock found at taella on Ihis SiinplcMi Tunnel, a 
liolv 2] ins. in clianirUr amJ 3 ft. 3 iiis. in lei^rh ifdriUtHl nnrmally 
in twelve niintittTs I« t.wi-nty-fivv iTiiauU^. The tinie taken to 
drill ten to Cwi-Ivl^ \io\c» 4 fu 7 ins. tleep U t^vo aekI omvhalf hoiir^. 

By ineana of thifi niEchine a 
daily advance of IS to It> ft- 
Q Uiit. u loacfe in a b^adiDg 
having a itilainiuxii croeff- 
seotiou of dd ;«^. f t, 

;?tUl another niaciiine 
hai" b«en lately iotrcxiuceij 
i» puhUc works for diillijig 
licile^ of larger dinmtsioRe, 
chiefly used to prr|>ar« for 
tlie htaAting of 1<xj«c soils 
winTw large c|iiaiilitic» of cx- 
jjliJKive of tlic loucal I'lB- 
deDcyarerec|Uired. Thcma- 
diirii', i>f tin- |KMTii?*iun type » 
VMi In* roMipmvii Jo a vrry 
huJtvy plniru-ilriH, lJft^^i bjf 
sti-'Lin |xiwer, hihI M-rikiitg 
Jin- scjjl Ly itH owii wi'iglit. 
Tlw iioll 19 n>a*ie up of iUf- 
forfiit parts, as the Ul. ihe 
i!riINsK'm, aiid the rojie- 
-ii'k't. Ni^rewed together x> 
■! I. I rii^nnolidbarofated 
ovcrilOO ibitiim^iphi. Th« 
^^ ***■ machine w riurtinted oD a 

truck provutcd vrnh a Iwilrr and an cngitK\ An A frouw moiinti^ 
at tht* rear cud of th*? truck carries on top a aIi«ivh over whk-h 
p&Mca the Manila m|)c. The <lnll is Jifti^l by wtndinfE lh« rope 
Around the drum of thc< enj^ne. and then it isrcJeaH^l allatonneao 
tliat it vdl strike the ground with grrat forct^, di^tH^ciidiiiiE rapully on 
accf^UDt of its ivcight. ric. ^th indi^.-al'^s one of tii«** niatbinr? as 
buQt by tlw KeynlipTir Drillrr rfitii[»Jiny "f Bf^vcr FaUr, I*a, 
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CHAPTER \T 

ROCK EXCAVATION HY BLA-^TISa; tlXJIjOSfVES AXD THEIR 
TItANSPOHTATlU.V AUD STOllAQE, 

Ik the cxc&vmtioD of rocks by IJAstlDfc thf opriAliou wWwh 
fiiJlun Ibr Uriilitig ifi Ihe liUiiiK nf tW ilri!ii-<l bole* i\il}i Uie 
I bUMhki: chftifp. Thb coo^tidU of an exploi^vt* sfubsi^noD. which 
in tt dtf-miiCfl] conipoiir<f rj huHi compiMtiion ilml ubm ignited 
it inKlerpmi a 8iiilileii lraxi>iforma1toii tiiUi ^la^ iHTij|iyJtig niany 
Itnii^ titc iti>wt^ of tii«T origiaai coEujioumK Ttie iit<jeit tnip(»rtjiiit 
subv4aoce!4 employeil s« <-xpli»ivifs are gimpowiler, iiiimgljxtTiDe, 
mil! (Jv-nuuile. 

GuQpQwdir. — Gunpovder was ditcovereU in GoniLuiiy about 
lli« year 1320 by Berlbold SciiwarU, a monk oJ Ihe order of 
St. Augustine. In mding the m!ignLfl('eiii »)7Ki|»iis <>f the history 
of oxF^oviveg given by Drinker m bis wnrk on tunni'-bng, it 5rama 
Ihai gunpowder was known long before tlie |!;eiK'nilJy uc^ecpt^ 
(ialA oS its iUwovm* by Schwarla, There is no doubc. h^w^vcr, 
Ibat it was only after hi*; timtf that gunpowder eanif* inU> practical 
uae and wa^ a giibettuice well kn<>vp-ii to the M-ieniitiu world. It 
ia eotaiwied of churGoikl, Hulphur, jind wiltpilcr in diffcrt^nt pro- 
portkos ftMortlinic to l)ii» uh* it i* inu^nrkd for; thus lor mining 
piirpoeo0H«comi>cMiition i^ft-Hfoilnwji: 65p<*r<'ent. saltpotfr, l.i jht 
«cn1. eulpbur, xuul 2U per cent, eh^coal. It L*; a blnck ^anuli^te^l 
ffubstancc and when iciiitml burntt, tlt^vcloiiln^ zfusi's amoimliiig 
to 280 times it« fonucr voJmiie. C«u|>*jwd*r ij i^it^^d by the 
ap|>Jicatton of any subdlance heated to r(<lnim; WmK uJonc will 
ODl to rea^lily ifi^Ic i1. 

TTjc iMkture of the gaacfi developed by giiniJt'wdrr linve not 
tVl been &»certatlu^d. It is, lioTCCver. gcncruUy iKliuittni that 
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tbn oxygen of Ihc sftJlpetf^r coav«rU n«iHr all th^ eOfbon of Xht 

churcoiJ into cnrbonic ncid, CO^, n porlion of ^vhji^h eombbw 

witti Uut iv>lA«h of the niUT to Tonn carbciiAti* <>r potash 

(KjOCO,*, ihcr rcmuiJui<T cxwUhr in Ua- rtale of rm. The j^ul- 

phur ta conwrUril into sulphuric acid fSOj) ftnd foniv mlphfttc 

of polaah, which by reaction ta (Icoompotfcct into the hypo^lplmu* 

oncl aulpliiiio, Ttie mtro(!:on of tlic sallpotpr ia ahuorfl tntirelj 

evolved in the freoetiif^, and the carbon not burnt into carboi 

a^i) r('iMair5 and fornu o^dde of c^boD, which always acc<yn^- 

paiiitA the rscplo^on of ^impowder. 

'Hie force of the gawa produced by the ignition of gunpoivi 

lias \tefu variouflly estimated at from 15.000 to 200,000 Ibe. 

*[. in. A discufirioa of this question b given by Mr. ix>hr 

the article *' Explosives " in the Sjion'^"* Engineering Encyrlopniia- 

The experimtnla of Nobel and Ablc» Mr. Lohr says, have aliown 

that the explfw»ioii of gimptJVi'rW pniducr* nbout 57 per emt 

by weight of Milid inntUi> aind Mi \M-r o^it. of jx-ntianeiit ga^ee 

Tlie w>]id miiltiTr^ arr, at thr moment of l.hi* nxpkiaaon, in the fluid 

Slal? Whrn in th'x siiOf* tbey tirnipy 0.6 of i)w spiwf* origirallv 

filled by jjitn^Hiwdcr, (^cinw*(jiiriitly (he giirQw <MTU|)y only 0.4 of 

that xpHcc T1[4^'«- gntn'v wonhl at iitTuiit^>}i<-rie ])rvM4ure and 

32* F- t^Tiipcnilun' ixeufiy n space 280 Uiiifs* Uml i^M \yy |Miwder. 

A« tht^y Hi« cirEiijineaaed into 0.4 of that space. lhl'< would g^i 

280 
a pmwure ^x IS*- 10,500 Ib»., or about 4.68 tomA per aquai 

Inch, But a great quantity of h*?at is hbera1f>d in the reaetbn and 
this heat will enonnously incrcasp the tension of the gaaee. The 
experitnente of Nobel and Able »;hfjwrd that the lemperati 
of the pi*ew at the ini^tnnt of thr rxplamm i? about 4000* 
Thus the TfrmptTatuK' of 32*+461'*.2-493*2 «*jsolute ha£ 




raised 
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-^^--8.U times, ho that the Uital piTBsure of the gaM« 

will be 4-68X8^11-37.9 to the sqimre Inch, Tliat the pr«**tnr 
of 37.!^ tons to the square inch is not exafCRenkteil lit .^onii by Uic 
fa.ct that there are experinient^ in^tiearini; that ihe prr^iitc of 
ilic f^anf^ va» 03 high as 43 ton£ to the aquare itirju 




Ifitro^rc«niH.-~A more modem cxplorive used bb a fiul>- 
hiT r.* of giinpomkr in iho cxravatirm of rock is nilroglyciTme, 
^iL.-vOVi.rtil Uy Sobjtro m llic yciii lSi7- NilroglycoriDc u 
nbtainrd cithrr by tlw action of ccnccnlratnl nitric ociii Oii 
f:K'ceiiric, or by a mixture of nitric acid at W* and inilphune 
iw-i<l at 65S on glycerine, lu reaction con be ir|>rv-:<>nitcd by 
tlic formula, 

C>H,O,+ 3HN0,-C»H,O^(NO,1,>3HA 

TliP ml{diaric Acid which i» mixrd with the- nitric doM iwt mt«r 
into the rpnctioft. but aliwrli* iht* wulrr wliich i» wt frre. 
N'ilnjgh C4»riiw n h rtnr yrlluw, oily Hquwl with » wiiwrt tasle 
but no oitor; it iji poiiconi^uM vthrn inhalnl «>r MinjJy mlnrdiiced 
into llir IxhIv lltnriAgh (lu- imrr^, frnjihicuiic lii^niLu'Eit- untl firk- 
mve^ lU i<|iivifi(: gmviiy u* \M'i. N'iltugiuviin*' lnjniw vx-ry 
qtdetl/ in cont^ict with IgniU^I IxKllf?, but it cxploileB at a f«m* 
pcTMturr nf <^SS° V. tin rxi>l(i.-<iim !« tailored by the sliglilcst 
pervuRwn), uiul tim inukt-M tie limidling VL*ry duii^miB. Nilro* 
^ycmw fni-WT* at 41* K., wid ullbnugh it ^xplrwles verj' easily 
by fwrniwrin in iL> nnntixl Mtidr, it rxpUxlts With great didicuhy 
whpti fniiu-ii: hi*ni^< in Ami*nrji, ul thr ^mginning ot Us use. jiiiro* 
glyorriDi-, Of wr!l ».h sJl Ihi* *Jliw*r rxplfisivi*)! ranlalnin^ It, were 
tra&^irlfid tinly in a iuntt^n utiit**. ^Vhi'n nitnjglyc^rine con- 
tBi&s somo tiL|niriii<^ or \st not wi^II vru,'<hrd cfTj it untl^goee 
q»on1uiPoiJi^ decornpi^iioii, jL€com|tuiik-il by dovHopiupitt of ^a^s 
And incrviu« uf tcupeTaiure, niiicli, m n>ii€hirig 3tiS^ F., ciiu^cr 
it* rxpl<«»o:i. 

TlM^fv jne no complol* ^xpefiments upon tho prc^urr uf the 
KAot^ p^oerated in the exploaon of nitrorfycprini*. Jtr. Nobel 
esUmato the ftufo^th of mtTog1yc4?nniO as 4 tiaiot that o( 
pmpowdcf— find the relative slrrn^ih. bulk for bulk^ m\&' the 
aprcitii; gra\'itr of (Eunj><>M'der i*) 1 i\i\*i nitro^yccrinc* l.fi. ik* S.IU 
linicB lh*t o( pinpuwiltr. 'i'lii* ie a very important feature in 
rock cKcavalion, tx?cftui><: uifh u fclven heij^ht oi chaxgc in a b<ire- 
lloICi uitr^ycfTini- exerts alKiut 61 titiies (he force of gunpowder. 
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einplnypil in Uh \\*\\.n'\ ^Ittl*^ for nurk excJivalJoii, \mi xjt jUwai'h 
iiiixrd with i«nnt^ olJier tiulMUjic^ whidi ivmlE'ni lis IifimlH 

DjnuniM. — Any fnivtiirp of nitrojjlycprinp with nn absrr 
sutwtjmco which rpduw* it into a soliti nia>is la cal1e<l liynaniitr. 
It U Oh account of this gmph trarisformation tliat iJie cxjJoKiws* 
caniuuilnj^ nitroglyoerino havo Ixxri wi exIentivEly usod in pme- 
tto:U workft. In rtigiiri! to ihv rnlurc of the uL^^orbent ^nibeitiajiee, 
dyiitiniitp is <livi<i<**l inia (wo cln*«'*i — inn* m\*l is}^ dynAtn'iXe. 

DyniJniU" wiw "Jwcov^rcil in IS66 \)y Prtjf. N<j1>o!. lie nibtotJ 
nitrfujlyccriiic with a silk-^vnii* sjunl ndlnl klr-A^tguhr, ffiunii ol 

8tibfltan<?c, caiiiT>oE^(I of mtcrc«rx>piic tthoila of diatormc. Vthich atv 
fiidowcd with nf<">it ptrfHRth and an oriormoiM poftY-r of u|)c«oq>- 
tmn of liquid in t)ro[M>nioii lo thoir tiBe; ilw-y will ah&Qtit 7A per 
cent, of nitroglycorinc. In beinK absorbed, nUfofflycerini^ doe* 
not iindi'nc<> ^^y chemical change; it bunifl, fpccRf?si, and explodes 
midiT the i^^mt* roiiditionti as in Ihc fluid state, l>yr«uniti' 'n* t^vfi 
limulled und frnii^iKirt^il without danger, but explodes with iw 
diiTiculty by |)ert:ut«ion. 

Ihiriiig ihc explosion of Ihe nilroglyeerine conlain«^I 
dyitniiLtti^ t*oiuv oxygen is «*l free, nnd in order lo utilise ii, 
Fieeiii-^ logteid ti:p uae oa an absorbent matter able to bum ai i\w 
iii(>iTM*ri1 of Ihi' explosion, thus ircrr/i^ing Mh the quantity of 
gaw% 7ind the heat |>ruduced, and ro[i?«('ijuriitly incrcufing iibo 
thp elliHeney of the dynaintlr, \'.ni\pT t!ie gi-jiml imiiM* of fnlw 
dynaiirte an? included nil lh<- various tiitni|jl>-crt'im* e.xploviiv(<s 
ill which the ahfflirhrnl nultsfjinri^. IrLHteail of n^ruidtkiiiir iiiv 
duriiig ihe cxpl"wii<ri, Ulieralr nitHHs, thus greatly irirnTu<iug 
efficiency of the dynauiile. When tlic iww sahMaDce iutr/vt 
into the eninpiwilioi! of d>itaiTute i^ able to generate a hir?e 
^'olnme of pi^'s, eoiupourwin of greater eificieney are obCajn<\l. 

Nearly iM the explosives isiHi fanny naine^ irhieli are p! 
on the inarkK by diffen:ni TTuimifnrinrrf> ;tre siinply false dy 
mitef. Tliiw, for iructani'*", tlw hUhaftuiUr nrnnufaeturtH 
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Kn-lw n1 CiiUi^mr ij* comijnswi of HQ jinrU <t( wtiT^m^retuK, 30 «f 
finr Mnili 12 nf Hmrrcml, 4 of nilnile iif [Kitflfji, laul 2 of Aulphur, 
In A woni, hi* urv?^ fciiii}x'^^i('r n^ an ^ilnHirlM'tit^ mnl ili*' >anJ tn 
pvi* vKfii^il Ut ihf (<4]t]i|nnitE<r 'Hw Ffin-ylu dyuoniiLfr vhich 
hsK Ik<4>ii mi exU-fiMvi-1y u^ttl iii th^ ruck excavation for the New 
York StibftTLV « a fiilsp <l\'Ti;injitp wrmpiwcd of nitTPglycerini'. 
sawHuit, aruL uitr^te i>j i^xh, mil! jt lUflt* uhili- nf lea'l fur neiglu. 

Neariy aJI nuumTiiclurvrs of cxplos'ivce niaki? a «rrrrl cf tlie 
bif^redietito ^nterinf^ inlu lh<* cnni|>ositiori of iWir iinNluorft. To 
make a seem of ihe ingrttlk-nl^. rvi-n if i1 b*.* my^vitwirj' f^ir cnm- 
iDervriftJ ptirpew^^ dcies not *pi"»lt well nf (hi* [.»r(i(iurt, stn-l mj^nccre 
and rontniclnnt ^ouKI alu-Hyn r<*ftiKi< ii» huy prcHluctit Lhat lhf<y 
do not tUmrtiughly Vnow. iTwiM'tMall)' wbi-n \hv work w In be doii^ 
iti » riciiii' vpjLfx^ ax in mjiuhIm uiiU iTurir>K ll hiu liocn alrrady 
rrniiLriEMl iliai (In* nicniglyr^Ttti** prrnliicea a iiobonoiB* vifiect 
xxpotk ipi-ii : bul tl>e puM*A gi'iu^mUHi by il^ i^Kplo^on are not |y>iaon- 
ou)i bu! cimpiy wphyxiatin^. Ii is, however, impca^ble to know 
iIh' effenU of llie gus^ produpoil by tbe other fubataocea iinro- 

cihJ U th*'t«^ are tioI khowii. Doctors have noliceii Ibe poifonoiiri 
Vflwls of iiilrcRl} ceriiie is\toii the men workuip in tbe t.*rotoii 
Ai|tie<Juc< tunnel. In an articJe published in i\i? Sci^ltfic 
Amerifan Supphmmt It i« etatc<l that since MTre fouutl the men 
working in the timnH atTcetoil by the Nimc sytnt>toina aa thofle 
]inHiuoc>ii by pufe nitroglycerine, the ciiiujc uiusi be ibat. mixt^l 
with the gasea produced in tiic cxplu^mn, there are unexploded 
ljartiries< t»f iiilrogKTiTine in ii vuhilikr t^tnle, and thc3c particleti 
intuJril by niiiK-nf affccrtcil iheir heaJlb* !f the doctor's conclu- 
aoQ8 arr true U me{iji» that only part of the nitroglycerine ex- 
ploHetl. and njrirtei|ticnlly tfidy p;irt of it-i ft>rre \%'Ua utilized ; hence 
the eaiplosivc wa.i not very iTiHnrnt; or cW the ixjiwriou? effect 
wa» Hup to iJie jfrrBcncc of gsj^e* generated by unknown .^b- 
staivPt^ which pro<luc<rd the aame a>-mptoni^ aa ihtr inti;Jiirion of 
nitmjtiyeerine. In any caac «ich an explosive ^hodd Ik- iWa- 
ranlnl liv the ccuitraetors, beeaiue either it is not rfTaiciil, ur h\ 
■fb^rliit); il>e rorn, they will work under abiiomiol eonditiouM and 
ihi-ir w^irk wili be dcajrr in the end. 
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Tbc explosive ponvr of (iynnmilo h6» not j-ct bwn correct 
detcnmni^il. in the few cx|M"nini'nl«' nuutr for Cdlnibilirm t; 
force i>f vftrioiifl explosives t\w lord* n\ KUnponsier i^ Uiki^ 
unit^. Mr. KoM trinl to ccmipjirr tlwr fc»rc<r of ihr vanou^ <'XjJ< 
fflvrs by loiulirg a iiiorlar witli a 32*Ib. diot aulI ciilrultitinc \)v 

illMitn )f Ihr jOujI, tlif nirtrlar Unnir mcJlnol at mi aukI^ of \(f. 

Vtfighl fur ^viglkl 111' iltiimV'l Uie iM^itijiJirtiUvi? fiirw* of t\w xan- 
ous cxiil<iMVPtt iw fnllows: nuniM>wJffr. 1 ; iljiiiUTiit«, 2,fi9; nitri- 
glyn-rin**, 4. Ci)in|m?tii^ rWw- i-xpl^^i v<>!* lndk for hulk, U>e 
siM-rifie t^nivily of ilvnmiiitr- U'tiiR l-fi*'* **^ 1'"^ guniioiitli'T, llwj 
range »** follcrws; GimiKrwilcr, 1; dynamite, 4.2^; mlToglyr^ 
PTine, 5T!. T\\ene figures nwau ihnt 1 )b. nf Jynainit^ will jtro- 
du(^ a f n et- 4] tiiiicvi gn^atar than lliat prcMluf'E'i.] hy t \h. of gi 
powder. 

hi jiriilit^ry iUf- ffinv of llir ^-writHis" explowvoa w ukuaIIv cal- 
ruljitncl l>y :i np^-iiilly cntifitnid.tvl pin ill wliK^h, oliiw' io thi' chili 
lh<'r<* i^ a Im*I1 nf Ibi? siiin*' ruH:*! fcir^^-J lA-iili Om? gun. Tlie 1»<^ 
U filled in with & plii^ nf letul or oiIut h<i>ft riKiil. In tli^ vx| 
sifm, rill* gnst^* will cmnpn'ss ilio Irml, mid by io<*!iKurinH iho pli 
lM*f«ri' ftmi ;ifli*r l.bo explosion it Sf* knmvn }miw inurli it wioe coi 
pruftaf'd. By pkciiig a eitniliir plii^ of lerul \n a tCMinfi-nutchi 
tho force retiuirod to eomfTrese it an cqiiiil iLm^>uut is dfUrtnim 
anil froim this is de<iace<i tlie force per unit of surface exerteii 
the Rases durini^ the explo^on. 



THANRrOPtTATEOS AXD flTOBAGC OP EXPl/ffilVI^S. 

In Continental l^^tmipe, on acrviunt of the constaDt fear of 
politi'-nI ifWlioMx rmcl iinfirchuft nltrw'ks on p(*r*r>ii* iinti proporly, 
the maouf:t('iantig:, *loniig, tninjtpnrting^ unJ sale of exploav 
an- rrj^iilaUMl by special and slrlci lawsi ami arc iirwkr tho 
Funt^iUmiw of Hut govrmment. la the? Tnit^il SIjlIl*^ fuiybod^ 
h fnv 1(1 nmnuftLCture oxploflives lifter obfiiining a ,-(p(<otal 
misdioQ fniDj the Stele, which is ghen upon giuimiitce thjtl _ 
cn^e of C'xpiosiou no eerioua clainuf^ will r«£ull l«> iienHniiv oxul 
property outside t^o facton'. for llila rendon f^ietont't; urc 
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Inealnl is tine opro couotn- and in *Mnc i?K)latcrl !«f)o'- fw from 
towDA Ain) vilb^*t< or rxtn fftrtn-hcuMS. 

Tnaspontim ci Exploidvu.— The ]iiw» itgulnttn^ tlic trand- 
pprtalioii o( Oil- rx[tl<j?tv€A on European milioaiU U^ml to 
ck-lri*t liie (-xi!*tr-iK« of any cJamU'olbx' fjictor>" '»^* '« iivoij 

mncli AS iKm-^ilrlr^ Om* c;i(L^^ »f ixxjtlo^ttm r lliti? ii'iluciuif ihtt 
T to ivr^iDH t\iA \iTiv\t.'Tiy\ Till' iletectiuii «f tlie uiiAti- 
thornrd fjifMoriM u uliUutiinl Inro tbo fad tluil tm ex^lftfth-ft 
can Ir riii|r|inl un aiiy milniEul nr \r?w>l if U "m not i>a*i!iice<i l>y 
a nnticfuJ f;icU»n' workiiiii: uniler ll^e govrnmifiil |ierniissti>ru 
In ciu<o the ffKploN^v to tn- iRinHporteil vufi |>fwluci'il in a fore'ign 
muritry, it miM. tjc Ai?c>'im{]:mlpil by ii f^piTml pi'rnLi:«^niL i>r the 
Dutiirna] ]^viL*nLni*-nt« wliicli \n givni mily in rwvr that the 
fodtjn- wuji tltilr AiithormM ami ix tti)rliiiig undi'r Ihi^ ji«rvi»ill?ince 
<if the fon-ign g(ivi*Tnmi*nt in wbow juriMlit-tinn rhi.' hciory b 
Ifinttn]. Tta' rx|i)(Hi\T!* iniu»t N- piw^knl At-nmlin^ tn a ptv- 
wriUnl niatjni*r untl tlw Ihiw's miwi have uu ilie Miv<»r n <li>- 
Ittikil ilewription uf Wvy coriti^nlM, the wi?i;ilLt of tlit* i<x]iKk 
mv*, llio muTtt of lbi» matmfactiiirT, smd tlie IfXiilion of ifav 

The lav(«n^)ch t*ti(l to avoid or at !<*iiiit lo n'diicft to » miiH 
imutn Wvf* ilaiifnT of cxplonion ilurin^; 1iTin«p<iTli\tir>n of ixplo- 
^ivos uff vi^ry imnu*rou'. Sinci* ^-xpl^wion can result oiihor from 
ftina op \yy \rf^cMt^'ntn, tliP Jflw« prfscribc rul*e temlinp to avokl 
ticcvtents ivtoiIuohL br thwe eaufice. To awid fuw it is pn^ 
^oribeO that liie explmvcd be Imnsporfed in *?p!irate arul »aled 
ram, in ivhi»h no mor* than a prcsprilx-d ciuantity cnn bo plncwi 
al II Imw. Ill car* conlaiiiiu^ €xplofiivp«. fin-«, lifcht^ sind miok- 
ir»p i*rr Ab«-il\itHy forbidflcn. The car^ iTUif*t r'-iOirr bi* attacbcd 
to ibc iniin clotfc to the Joconiotivo nnr nt'^r cnr^ contuming 
inflammable matcrialii. and the loLvtinc ati<l tmhMLiliiw of thc#c 
Quv muHi be luade in Ihc dAyt.i^Lf^ it boine afjpmjhitoly prohibited 
at night* T" a^fwl tlw* danf^T of Pxplr#ion b>" jHtrciiAsiion it 
ia ^enmdly pn^^cribtii that nil nintenalti must t)e eo w(>!l packed 
atf to mliirly lill the box without k-aving any voiil; that the 
boxc«. btirrels. tic, <30iitainiitjc tin? exiiloeivea must be so tightly 
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I)ackoil inlc Ihc carx ihiil evwi Uic fitigbtest moip-emeiit is imi>o»- 
tfiblt: Ihnt T>ox<^< ^hnll not enntain nails or iron boiHls, ftrwi u- 
lim iwt of hiimnu^r*, thiwK ai^J oliicr iron and etocJ luirfs li, ^. 
the «fcr« ie for»niiclon> "['h^ boxcji coDtniain^ dcU>nAtore tmwt 
be ^torcnl in Aopamte cnrv fmrn ihoc^c coatainini; exploBivTfl. 
The* n'jpilutii»n« Utr th'> Iruii-ijtortnlitm of the cxpln«vc-s ii|hxi 
otvlinjin' hmuU K'> into 4'vcn nuiit iM.iil, so ua to <ic»cribe fven 
Mk* fimn of lliO limko to Ix? \iacil m the can* ir going Hown-i:r»fK 
vrht^n' to Atop at ni^lit, the manner of m.-tking r^iorl c«iDp£« within 
th(^ nly limits, how to croes xillagr^ atnl towiiA, ttir .-ttn:ii'L<5 to br 
avoiiled and Xhox through wliich it is aUowahte k» jvuk. hikI 
a th<iiisafi<l <if olhei details. Wlicn the 1rai]A|K>nation nf thp 
exploflivf Is niatlc on water by nicana of vt^rnda wnii' ip»vrni- 
m^nls compft the vcwcl to carry a special Rag and iii^hi ^i^uj 
so that it call tx? ircognis'^l from fnx aiJi&y- ^^| 

In this cnimtry there am no -'^iw^cial laws* for the traiis|Kirti^^ 
tion f>f eKphwisr:*; t^t-ry railnuwl rotnpuny, howeVL% «iftft?< 
9«pi*ctiil nilejt ^t IU4 to inHUrr* itA^lf jigiLin^l thr liahility of i»ytii^ 
(pvat driifiHix*"" l*> iwrmin^ i>r iirf>|H'rfii'-'< in c:i» of PXpJoflioii. 
Thes(: -s^xTUil mid vurioiif* ir'jjnlnticm* urn Ijclm-jI upon the fame 
principle a» thr Kori^iM^an Inw*. l\ie only difTt-niitw beinj; thai 
th(*v an* in-**pin»J hy Ihi' desiro f^ir srifoty im<] nut by any f^mt 
nf Ti'bt'Wton nr i"nnft|iinu:y, nnd i:onn('<|Upnlly nil ik" obetru^ltv^ 
rules rfgitnimjc tills point are heTv happily iimiMe<r 

Storage of ExpIoaiveSv— T!ie siora^ of exploslvpa I* n^gtilateii 
by linyy which an* ton stri(^t and aniiqiiat^d. Tlie v-Tit^r ha£ 
remarketl in Engineering thai in the city of New Yt»rk the 
lattt? allow only a niaxinuini ilepoeit of 621 ^be, of dynoiTiiio, 
while on the other hand, the same eity eompelleid on** of the 
sub-con trac I ors of the riipl<l-tran>ilt rallroiul to Uflo not h<ss 
than 500 lbs. of dynandte per day, whieh could be stored al only 
two points. Thin niean-i thnt i-ven in the cily cl New York 
ihf, hw r<fijmUn;r ihe slonvjp' of ih(^ I'xi^lcn'isx* in antiquAtetl 
smd entirely insulhciont to meet iho riKiuiivntenta of works of 
th(* icinjrnHude undertaken Kvday. 

TJie repuIatioEuft go\^enunf; the etor&fie cf oxpfc^vrs botKl 
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piv\-eni llip caiispa of eic|>li«on, ami htp (lewgnral so that in 
caw* iif Oil m^iiLcdl tli^ r-x[»)iisk>ii pnxhia'ft Ihr Biika1ti*»t HanuigB 

l^rffs ifuanlitipE of f^plwjves nm UBUally storpH trbeti tlie iliily 
<ltinnLtl5 of t}ti.*[ii lo br riii|iloycxl in Iho wi>rk Ik ^rv^it and the 
fiupplT rantifit be iibuini.il e\^j^' day, but ut f^rpAl ititctv&ls from 
ooo roodgntncnl to snotlicr. i^trh a lurg? dc|xi«it ctf i^losires 
f=h(itikl bw Ttr>" carrfwlly wntclicd In avoid the ca^wcs pnulucing 
pjc[tliiK»f4u(, whiHi Jirtt np^jntiUKtwix d(*€oniiHwiiion of Ui<» mgnnlH-nU 
cvrntaini^i m ih** rxpliwtvi*, firr-. »nd |H're(i>^f>Ti, To pr?\'ont 
Iho ilwMinpo«ti"n of ibi> mbB<Uuvxflf fomibj; iLr rxpWivy-ii ii 
15 r»n!»'i«ify to WtiK' the rtton* in ii M-r>' liry pliirr, :inii the t'^m- 
pi-miutv tn^df* Ibe room nboul*! t^ithi^ bdl Ix'Iow* V^ C- n-ir l>c 
|]MCh«*r thmn 3tP C The «tl>loJ^J^'» mii^t be mIohhI in thw onj^iiml 
pocbiipd nrt iho}' cain^f from ihi' fiicUry, wilh l^ie difF^i^nci' (hflt 
thr cover r4 the bo\o^ flhoiilJ b^ riiiMvl too a^ to cxpoM< tin* ox- 
plniQvc to tlic Ajr em] eo that tlif>y csin he daally watched taul 
any aJuralicii 'kiPtloL llic d^wompotition of iiilrugiycirine 
pffHjucti b* fon^rJly ildccteii b>' a kiDil of ^joTspirati^jn which 
fa)ll«ct^ ca th<* o»il*ide wTapfXTs of th*- c»xp]o8iv<>, 'llic }K>\efl 
conUinrng cxploMVts tfnis aiTcclc<l should be token out of live 
auimge imtncdialrlv atnl opcDwL. IIksv !k)XC8 should thru I* 
earned to a dutaat i:^.<Ui1(-il pincr ;>nii llic cxpWivcri, liberated 
of thrir wrapping, «boul<l be t^rcAd i>d the a^tmJ, forming a 
wry Ibia Mralum, on^l bvimeil. Nciirly »ll the expWkmtf 
of Atorrd rxpl<j«i%in*our«cortlwcie<-xcla"*ivrly due 1" tbr decoin* 
pMlion rif the injcniiif^it^ foTiniii^ th(^ bbL^tiii^ Mil>?ti/irKr'. Tlie 
prrf^autioiui t'> Ite a<vil to prevejit explii^t<inri raimeil by fire and 
ftf-mi.<«ifitL'L MTV the aatru^ llial are taken in lnui.H|xjrtal'ron and 
alrrjuly di»ca*«eiJ, bm il in neeesAary In have iht- iiUni^lyL-exintt 
|inxliintA and tlie Jetonalors atoretl in w|iaral^ roonj.n. 

In onier to fiave the >^nk»Tl^t ;xiwible ilftinag^- m c;L«e of :in 
exphiMon, it ia neeetiHiiy to lomfe the storehouse for i*\plohh'eH 
n4Tiol«? from any dvni'llirg or vilta^; to build it nf liglit Mratitlings 
ia»t4^ of heaxy nkH»f>tiry, tw a« 1o oppor the teavl n>NlNlanm 
\n tte g^BCSj and fof Ibe aiine purpwie it will U' (-laivi-nii'iit 
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to BuiTound and even cover the building with very looee eartii 
or aand. According to the indicate principles, the engineer in 
charge of the work wiU prescribe special rules tending to insure 
the safety of men and property, and see that they are jstricUy 
observed. 





CUAITER VIL 

ROCK EXCVVATKW BV RLA^TINQ; Ftra(», nKIXO. JU<D 13LASTtN<]* 

Fuses. — Whi-ii gnnp4kuikr w m%pi\ as thp cxplostvo ff>r ox- 
imvuLCi; TDck il w HHu.'iUy i]j:iul<*il l»y tlw Ktirkfortl match. Thw 
n^tch, Of fuw 3W it 1:9 iiK>n- (^>imri<jn]>' CAlIrd, eoniiiels of » ftnmH 
ropie <tf yam or oottrm Htixiiig sut a mrr a ^mrtll rnritinuouB thit^ad 
of fine gtutpriwikf^ To |iniitfH<t ilw.^ otii^ilr or ibo fuse from 
nmMufV it i» cuiitwi with tor or ttinu* *>thi*r iiiipi^-mous subsianec. 
Thcee futts MTO 90 wcU niA^If ihiit lhe>* burn w^ry tinifomiJy at 
Ibe rat* of iihwit l ft. in 20 stx-mi^l!*; Ixpuci- ihc* iikuTiient of cx- 
plonon can b^ prt^tty jK'C'urutHy fix^^il ln-fon^- 
lumU by ruttinjc t)u! fwe to the {>rof>or 1<'Iik<1i^ 
Wirkford matdp«t, Of<|K*eiaJly when cfwiltd nith 
tur. havcU)C<lcfc«t€l buminn nithu httLlmlor, 
and this ts very ohjcdionable whcD ilif- wtrk i:< 
|j«ti>g done ui doonl iiptiera, aa iu a tuiind. 
(HhcT fuMM havp b«ai invcnied to ilo nway 
with tbb trouble, and thoM^ of Rizlia Amj 
Fmiixl are Ibe ba+t known of tb«*^. The 
fitTTMiT httJi diany a^lviuitfif;^, but it bunia loo 
npitlly, about 3 fL per ercond, and in i'x|i*-ii- ^'*' *^' 

sfivr; tbf latter corifliM« of a email Wlow ro|>t! fiWril with 'I^tjji- 
tiiil>* and is ilangcroiu. 

It lia* already 1)cpd nni-^rked that dynajniti? iIch-k not i^upkde 
by igniiUw. bat by pcrruwion; conf^iiu^ritly i\u' nUckfnirt tiiatcli 
fdnop numot be u?vd with ilymnmte. It ran, liowettT, bo iiw^l 
t(i if^iiilr jijiil rx]JiHlr II rnrt.niTgi- which will in iLini 4*x|iloct»* 
(he i1)iianiitr, Tlifw 4'^r(ri4 Igf.s roiTsi^t nf tniall copper cylinilc-rff 
cfOiUSning fiilniilial« of inrrciirj', mul nrr iitlached to tlu> eiid 
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6t the ruM> whicb w ina^rted in the U>Tisuiute, Tbe firing cf 
03q)loMiTMG by m^AOB d tbe UUckfotxl match is sxry sddom em- 
(hlovM at pn^ei^ni in t\w (Excavation of rock for public work, blasts 
ai* usu^ly fired b>* eleetrkity, which te rooeidcnHl pn^orable, 
beeatise #ereral blasU am be fire^l aniult^m^u^v, and 1>ecattfiv 




MtfHv 1« Ih*" wurkiiirn. 

Tilt" methofl of t'li'rirlt firip^c p'n'T.tlly ernployfil in Aiiit^ra 
U krioAii Oh t]it* ooruiri-fiii^-M*iie» iiit'th<.nl oiiil eniiTfiMft In firing 
— sev**raJ hcW ftinniliiUieouHly. Tin? arr^imt^ 
meni aiul loiuipflion of the wiree are shovrb 
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by fhe diatjrain Hg. 31. Before roferrinic 
to this diufCTiim, however^ it is necessary' to 
stale that eaclj hole <;bargi?t] uith ii>-iuimilP 
is proviilei.1 with a tle1<iDator. 'lliie cjh^su 
oi a rsLpsule containing fulminiLT^ of nteirtiry. 
Two wirus enter l\m wifMtulc from lUe upfwr 
end and are conncclvd at ihrir bottf>n» by a 
very fine platinum wire, Ulicn uji <'Wtri* 
curn*ril i# po^wij [hn>ii^li Ihc two wnv, ihe 
Iiup wire wliicli ooimeol*( Ihein irfTens aiHi 
iX'tintamT' to th*^ ctimnt Ihut it iKemw's nsl- 
liot and ignitL^s and expJodi^ the luliiLinaic. 
Fi^. ^^ is a vcrticid »e<rtion of ii clctoiutor 
of the ch^^rjicter dt^scribcd. In blcksting oi^ 
<:rf thcflf? tlctonotorfi 15 placed in the n^iifdle slick of dytion^ilo 
in each hole. iMerring now to Ki^. ^1, Xln- numerals 1, 2, 3. uod 
4 n?pm<cnt u? many (Iclon-itora tn K-p^trat^ M^a. Thr^ wim d 
IhcM d^tonatot^ are conDcrtfd im hulicuted by q>Uciiiic to thrm 
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l^Dgths o( vln> TCftcliiDjC 'rohi bole 1o kolo, &ml finjilly the hrvt 
wire ol bole 1 mm! tb** 1»^ wiiv of ttol<* 4 are «>jirH^ci<**l to ihc 
tirioK'niroB leailukg lo thi* blu^itti^ iitacliine .1. In coiuKclitig 
tbe VATtous wires they pIiouIO be ecrdpe^l free of inFulation 
twistoiL to|E(^1bGr in cltwe oonlacl, end then Uie burr-joint 

uld be «H>uml wUh Upc inmilation, Faii«rt» to wind Ibo 
joiDU wiUi in«Uatioji cauaca trouble very oftou, bo<rAuac- the burr 
wire eocneo in contact with Oio tartly which ibvwa the current 
from ihe wires. Ihe dimension of llie wires eonnccling the 
ikl«itatore from hole to bole should be cqMoi to that of the 
(letooator wirr», while the wtv« Icmling to ihf blasting- machine 
should be &t lea^t twice the diiuncter of the dc1on;itor wircf. 

The bbrtir^-mnf hloir tUu^tn4i<nl tn I-i}£, IfO cunrnfitlf^ t f a ufj^xln* 
box ciicloB«Dg » (Icvkv* fitted lo revolve nii amtnture wimiul tn il 
\ery bi^ K'Sifltfliior, Tlie npid revolution of ibc iiniHittm- by 
pullmic wp t'je oi»niti»i:lKir jjinorutoB au clodric current of Tiigb 
elirctrfaiiotive iKin^r. w^iicJi. at ilic mounnit of its maximum iiiien- 
aity, IB sen! out to the outside circuit in which are ttic detonators, 
llii> exjiliMMm "f nliirb w iiiMnnl Iv accinnptisbeiL Tlicw iiuitliiiM-_t 
^n- ii|i-mUti bv a ier> ViXHy And mmplr [notion, wliicii work?* 
anuolhl}' and wUboufc Any Ktniin upon thp- part^. After lieiiiji; 
|hiI1p<I up lo fire, the operaling-bar will fall lirick lofo ]i^ jilfire of 
ha ovcii weighl s.iul in rendy to t)r nN<d ;t^iiti. (hi aL^i^cmnr I'f iLft 
^tedal i!Oti*tnBrtJon, in wldrh the |MHM*r w (ibt^iim^l by pulling 
Up the Inr, tbii^ bhtMiii^-irutrliiiK* ]<« rotiitnohly oillcd flie piilMip 
m&rhinr. It U Iniih in difFrn-nt ^i»'?, (I]<- nnmlli-r xiitTi m firing 
espACtLyof from ^0 lo 30 hol(% and rJw- Uhtpt with :i firing i"!ijjac- 
ity ct from 75 lo 100 h<»Ii">*- Tla* "j^THtion of firing is :is fcillmv-a: 
The (iflx^mlor luniB down (la' 1w*Ki»n(H'd inai pliitt'T* al thi^ lH»from 
of lU' hi>x, And aunds with biA fi'ei on tbr-ni lo hold tiie mrubine 
down; he U^n pulls the bar up nith both hands wUh one 
coDthiuoufl rapid rtr<>ke, tnid thi- ljlm*r. is fin-d, T^je (|uicker lb*' 
bar tfl pulled up the more ciirn'iit ilv nmi-bine will grnorate. 

Tamping.— After s bhiwtina^t'-har^' iJi plnLw! in the hole it is 
covenHi by taDiping, ^\"liieh is a nmierSal pLiewt ihew to prevent 
tii£ gofic^ <f^ «xplu!rion ff«iru escaping into the air, Tfiinpin;; is 
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ftbwiut^ly nMCswry ^"'Hi guaiioA^iii^r, l)Ut il car Im- omitted vrljpn 

powiier cxplfttlfs T*3ovrly, and if tltf' ka^s ftnd an r^-^y «xit Uwy 
€9CApc tvilhoul aluitt«-nrit: the rock much, i! al all; hence t)i( 
noccaiity ofcliviri^ all fxil, Tliis ia vloiip by BUiDgThc hole uhctve 
llic charge vttli dainp cUiy wliicU is iftcll nmunctl into place 
by mcjui^ of a wiiodoii tool called a lamping-roci^ UiuslroJM 
by Fig. 33. .\» *ill W flreo, this tool coii*i?t« of a mmll wooden 
cyliDiler attached to a bauille of the sum matcrb]. 
tlie cylinder Wing provided with a erw»ve id oiie Ah 
for (lie fij-v-wiiT*!*. S« iron tool rtbnuld l>c uswl in 
lamping lierjni'*e uf tbp ^liiiiip*r of striking r ^pnit 
from Xhr nw^k by a dunin' bl*iw and lliit< pnuimtinvlv 
rx|>lLic1iri|Elhe blnnt. To pnileel ibr pnwtlcT fmm b(>iiu£ 
wi'Ifril by Mh^ rbiy h bm-r i>f luip-r, fi'll, dn- i-tiMon, or 
oihirr siilwtniun' U ]il3ti"eil i»vi-r ibTlmi^- tit* ^tri* ii>?ien- 
big tilt* cluy. With ilyortnuti* the explosion is ftt suddeii 
WiM (ill- louses liave no unie to i^jwape, ,iuii hiininng is 
con!*i.'i[uenily not rpquired- h la, liowM-cr, c<tmm 
\xsr^\. 1»in w'Uhiiui tiolii^ rammed Into place. 

firing. —Tlie operation of firinj^ itie IJa-fl?* ttbould 
rntrupsU'd imly tn tb? foreumii of blaslere or lo w>n 
VI ry cjin fu! Moiknmn. The foUuwiotc ^ U* mode i»f 
prix-itUire uft\ially followed in tiring: Afl*r nil tlr 
bolfff liavp i>oeu connpcted with Ihe loadinj; v-irvit of 
tlic blfl.<ing-niacbJne a dani??r j^ipial ii given by blowing ii Vp'hi^fe 
or iniPtiiiB men with red flap' ar*:*\mil Ibe duri£>er-sooo. I'lvai rbi* 
signftl nil nit'ti leave the \ipinity irf the hla*t, and outeiii*'n* aie 
pn'\i-nt.ed in-ni approachbi^. All |K-ivoaj« beinj^ out of ^iufneer, 
till* ftin-man onJera the bla.*t to b*? liriMl. fpon lbi« onler, ami 
nut until th<"r(, the Icailiiig wiin* an^ atlacbinl lo ibe blu^tin^- 
machine, anil the moc'lune ifl upernEeil a8 pitviouMy *ies<r>t^Hi 
AsHooiiaHtUe blart w fin^l the nu^n rvium to ibi' w«rk, aiid ir-il.c 
Ift resuji^'d ill tlic \"icinity. It is iiaunll>- fourtd coDvenient to fiif 
tlte b1ji--^i>i :it 12 o'clock or at e^vning. when 1b(* n*n iin> quiliti^ 
work. If fired at olhcr times, the lime of firing is «> m 
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nirn lli** im-atrr ihw I*** I*. In t'^ts^ of ji nii*fiiT ihc k^ailing 
wm-51 (irr iWUchinl fr*«ii lie liLvititi^'Tii;irhirH< »iil1 tlh iuri|ic'rlMni 
ht iioihi to luRite tlie cau.**. Tlii^ 'k^ iiNiiilly fniiint lo lir lli<'- 
^ninirii^! iif i\^ miirenl U'caa^- "f (Wj'Hjvt hiHitlnlioii: ibis 

fciumkl |j** ink'-n to *iv Uial iIk* ftin'H hiv in |rnj]ier ?<hiij*' U'foiv- 
ItAntJ, huwwr, aft il » ii tmuHp ami in-asce i>f limo lo !M*arcU oui 
*Wecls an*! rrpair ihcm afipnvanls, pupecially in Hiy \\<*Tk, uherc 
protMTthif: nuiltretseft aiul cinibore \m\^ to be reiiiin'nl to iillow 
tbo cxMiUDaiion. 

BlMdnt*— The cost of a culilc unit of rrck excavation Ijy 
libelmic ikpencU chi^dy upon tbe aniovint of n-ork imil tlie qunn- 
tiiy (i nuLt^tial eon^um^. 'Hie ux>rk ctmsUt^ in tlrillttif: the 
hok>«, nail the material i^ the quattity of exp)o«^i\f< ; UiXh I'l tlit-ac 
Hnn^ vt*,. Hue d^pth an<i fnrquLiicy of ibc hol^s aiul Ibe <tiu\ntity 
oC ffxpUwh'* omploywl. ^houhl be fixcil by the cneinoer after a 
cnr^ftil examination and wnc» of i'\|*nnuMil& on tfie ruck L»iiiB 
in>rki>l. TbP writer ba* noticc*l tliai in Uie cscavntion uf nx-*k 
m the c<HUitr>' t>o particular attention is usually gKcn to thc» 
iniforlaiLt fcaturr? oi tbc nork. In cvcr\" excavation it sliouki 
I* liic liuty ol ibe rngUKvr to lix tlic ilcpth of Uie boles, their 
(tbuncv «]wt, and tbr oinount of e^ploniT to bt used; am! in 
ortter to do thb be mum liavc a kiio>vIi^lfA' of the plicaomcna of 

Whm expkiBh«A aiv ikilUM a MuMrn ilevehpnu-nt uf ga^e* 
nnultJi whbcb |«roduce5 in^antly a vidlfiil incn'ZiM* iif ]>rtv'«j4un<, 
unuilly »cc4Hii|ianbnl \>y a U^xul n'jji»rL T!ie merpy of (hi* expk*- 
«aiili b e.vrieil in ivW dirvctiouH in the Ukui of a ^phrn* having 
\%M ct*nter aL tbe pouit of explo^ioTi. iu\t\ tlie vniwt* of energy 
Inrtr tiieir FifTre a*^ iIh' iiWlaiiC4* from ihtn ct'utrrit pobf inerrv-Lfl?«. 
The it^TR^' irf lla^ explwam at. any pmnt in liie Kjiherv ijf energj' 
b, Ibefefom, iiivi«rae1y prnpurliimal lo tlie distuiice uf tliis piilnt 
from the ecnliT of <?xplo«ion. Up To a certain dmanco the 
«w<Tg\' b gn-at entfti^i to Miaiter the rwk and ihjuw ii viulenily 
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uiivrctn]; up to u further ilii^tttiicc lhi> Pnorpj' « (troiit f^noui^ 
to Im'rtk tin' ttjck, Imt iif»t ^iit C'iioui;1i 1o lUrow it from its bctl. 
tiEid fr(.>tu Ibie laf't point to ihi^ liimt of oxploeioti ooJy a chock 
ia felt which decn^asea in eevfi'nty as the outer limits are 
apprr^afhc-d. Thcrf arr, tlKTCforc. tlm*c coDccjitric j^p|]crc» of 
cnerg\^ or lorw within iho blasting sphcrc^ 

When thr surface of the ground mtcix^tA rithiT the tv^ond or 
ihr Uuixl f*phfrf the ^j^t* of t^xpIosiiuR remain in (li^ cn>und. but 
when it inlcrtrptfl the firet sphere the c^xplonion detuchc^ n coiw 
shaped maA5 of niaf^rialr* wliicli are thrtiwn inW» (be air, Thi* 
coDP^hnp**d pit ifl r.:illf*l tlwt hWtingrone, Tlie IwiflC of this 
cnm* is r,h(* gnmiul-Hiirfju^pAnd iU *ijx'x ie Uie jwint of fxplocnoii: 
thf sma-llcM (ii^l:L1UT Itf-lwt-i-n lli^ [t|>ex iind tlie ba^^ 15 thr linr 
fif h^Hirt, ivhisliini^. To aecun- the nu»t (^fTectivp blast the ^nmrnl- 
Purfmv iJumlil Ijp tunp-iit Ifi ll/- fml sphere of eiJCTg>% iis iln-n 
thr riH'k nill Ur (hmuugbly ftliatlcreil hut not thrown uimiini. 
WhE*n a Ui'^ qimniity of rork is thrown high into the air it 
nic'fUiA thnt ti \ar^* iiuanlily of jras h:v( Ixni wn^tul which »h<niltl 
havi? Ix-^^i iitiliaiu! in shutUTiiig tin; nwk. 

In blading Thp iitiantily of Omit niiuw ihtsirhnl froni ttie 
tiatiiml \n^\ rHii tM*:i^unif<(Uisr-i[ti:Ll to tlx- voIuiih* nf Ihi- blaf?tuig' 
foiR* Jiiiil l-< (!oijstfi|ui*rTtly gi\T» by 

In which n w tli^ Inclination of the cpreralriePB of ih^ cot\f> m 
r<?PI>ect to {hi? axis^ aiul ft ie the flm!i!it>l <btitain*e Ijelwri-n tlie 
point of explosion or apex of Iht- bln>^tinft-ccme and tlie fn^umi- 
surf&ee. or the line of l'.*a>=t n**i<innre, AVhen, ai UfiUoJ, n— 1 
the volume of EIil* blasUd luateriiU hi gK^n by 

iinil onii*w'i|nenlly tlie vohimt* fif Tlie li);tnte<l nwk h pmportlotul 
to i]w. culif of tlie line of len?ft pe&ifitance, or, what is the same, 
to ihe cube of the i)q>tli of ihe hobfl. 

Wlien the rook to I'e blasted, inKtrad of hax'injt only OM 
Kurface to wiiich the hole ip perj^eiwlieular, lus two ^iirf^eee at 
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rt^it iLBglfff fo emh otlif-r, n-Ith 11h< hn\f n rcirUmiaTkin ^xf ticie of 
the AirfA'Vd, Uie vofuine of iUe l>!»Mt will Iv unlr orie^hiilf (lie 
blasUiie-coDe jukI ihi* <ktA«hod itkum will be 



When Ibe hofe k (IHDihI at the mloraeotion of ilieec 5urfacc6 
only Qiw-fQunh Iho vcJump of the blading cone will be deiach<?d 
and the txmm at ilctacbcd rock will be 

From Ihwr facl^ nml frr>m tl* cx|>crimrrt^ rradc <m a cube 
otul nportiHl in all Uii^ IcM-btK)^.^ nu Ib^tins which ^hovrtd 
that ihe cHiciency of bluf^Ki^ incrrai*** wiUi thi- nuirib<T of free 
surfaces of atUck, it can be d^dtic^il Unit the rtTirH^ncy u( blo^t* 
Ittf^ \s rtiitctly pR^rtional 1o tlie free Mirfiice of tbi^ rock 
AllAckfy). 

Kni>«iiii; t!m qUfiiilUy of rock detached at each blartl, 'whk}\ 
\tMS \nvii ijlwTM'd !<i In- ]»n>|M»rtuii»:il In l.lw dt"[il}i at tin* h*thn^ 
tht- dtsl&nff tipnrt of the Imlfn is ivjulily i It- 1<- nit it hi I i« Iv i^jjiml 
to Ih*" de|>tb *)l Ibe boW From the ex()(TmieaU iif Mr. Hrifer 
it ia, !lowe^■p^, known tbal tlie ([UHalHy f)f rook deUu-biil by 
luiDn* or (TToups of holes firpd fifEiultaneou^ly iw ilonbl** (bat 
d^tA^hed by the n^tni' number of boles eicplockd in suc«*»ioQ, 
Thia » a fact of great impcirtaoce lo enprnvrs and conatmeiorw. 
l?^1ii]p the diKtivnnc ivpart of the hoi*'" should bo equal to the 
d^ptb of tbc bolen in tttkiaU>4l firing* it niay be from IJ to 2 ibnes 
Ibis depth for Kiinidliineniw firing, ITip most expensive llrni 
in thf* pxravation of rvck i* the ilrilling <if XU? holes for llie bl^if^o. 
SmtiK the txM of dribbii; in llw^ waim* nmti'ml is eoiietaht |»er 
limit of kngth of hok, while Ihc^ qiumtity of rock detuehed 
Uiemik»-« wilh l\\o ctilK' of thr ikplh of th(" hnles, if the pwatest 
rffiekmey of bk^tng is to Ire ha^l it i« oec'l^<s.1^>' to have deep 
bole*. The <lf«|wr tin* ^lolos the fTiudler will \je the pet^uiird 
ntnnber of fe<*l drilWd per unit of vttlume exeavated, 'ihe most 
eoox'enwnt tleptb of bole for practieal work Is from 8 lo 1:2 ft.. 
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arid itifuany the <l(*|>ib nf Jiolo should b» about 10 ft. Wh«i, 
thGTt'forv, ihi> (Ii'plh to Ih' rx^vatotl i» ipmt i( should be divided 
into benclies 10 or !2 fi. iiw>p. Oner Uu' di>p(li of llw hokfl 
IB detormin^^d ii le a eimple in^ttcr Ui locate their dwUnec apart, 
BJiioe Uiis should he o(\\\u\ Ut tlio d^jilh of hole? as a mmimucn, 
ojul not, OS many ooiUnu-torf^ uaeuiiu' iL from :! to 3 ft. ui^ort. 

The pn^ccduiK dk<cue«5ton applies to homogcticoufl rocks, hut 
these are cioldDm met with m excuvatiOD. llw nock ia u«ual^ 
6tr&t!Bed, and even v-^ien it b not \ia mlidity aad strength aiv 
not uniform. As a rule, uxiy rock i* marc n^t^ietimt to disnipli^fi 
ID a direction porptfrnlicular to its quiuTy-Ii*Hl than in a dirrc tron 
parallf^l lo it; conH-<iupntly in blaf^tiiij^ Lhe yiitxw of <*m.-»^- finJ 
l^reat^r rei^JBtanco ui one ilireclioi^ than in the »thcT, nnd t^H* roA 
will lireak unnynitiietrii^ally witli n^ped to llitt nxlif, Hi*nm 
in^lrail cf a sphere of ariiim ak th-w^nlifd ftlrtivi*, wr linve nii rlliff 
sold witJi thp gn'ater hxia parallel to ihe ilijMTlton uf ihr sirsila, 
or the quarry-k»d of the rook. Tliia ellijwoiil is BeTdom of re^iulAT 
fonn, ^ihce many c i re un in lancet, s\wh 3s voii:h, fb«\]rps, vem» <i 
ctiwr materials, Iried to Tiiako it irrpgu)ar. That the wavo« ol 
force wpretui in the fomi of an ellipsoid may also be deducrd from 
the* fiu'1 ihiit the' rj?nter (.if exj^losioD b a line aD<l not a point^ 
If (here wore no r*rher wntrolling eonsideratione» it might hn 
aftiut'WHl as .1 pnwtieal rule to ffilluw in work that the long«-r ib^ 
axis of the chnrg^j Uie greuW-r would be iho ellip^id of eiirrKy, 
bill other eoriHliWjLiiims injiki* it nocewwiry to fix the e^larJ^• 
according Ui moiv seieruiftp [ninci|Jes. 

In flpcaklnjjE of <!xplottti\-e3 it was reiniirk<Hl Chat th(^ force of 
tlie gase^a of eiq^»k»ion varies in the fiftine rati<j ilc the weight of 
t!ie explosive. From the above dtsoue^ioEi il h^ Ix'irn dotiuce^l 
that iu blasting, other comlitioiu^ Mi)R oxpitt}, the volume of 
detached rock is proportional to the line of loaat re-tiwlminc. or to 
the eubc of the depth of fhe hole. Therefore lo produce tbe 
greatest effect the char^^c should increase with the cube of the 
depth of the hole. In practical work, however, Ihid quantity 
should be multiplied by a certain coeftclent, dcpendmjr upon ihr 
force of th:! goece of explosion and the nature of the rock blAAtcd. 
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AcDonling to G, G. Andr^, tbc tjuantUy <i vi llw? expk«ve can 
t»iTpre»nted by the rvrriij1:i 

ID which c is die copfiicienl jiiul v \^ ttir It-ngtli of the linr of least 
'Inij?tAnce> Tl\e (|uaiiUty Q i* rxiirf-jt-nril in pnnriil.'*, nnd i\\v iWvr- 
KT r in feet, llie cficffitiftil t: w tix(*(l -"iriMinliiig h» i'X|H'riTtn*nt, 
aiwi gpiipnilly Yurit-^ Ijelwwii 03 und 0,45 ftir giinjuiwdcr, nnd 
Lrlaocn 0.06 an*! 009 f<»r dyiinnilt'' nrnl oUmt nitniirlycoriiie 
oumpl.iutMlj;. Tht? MigiTuvr shoiilil nol. milj' fix Mif wH^irn'i^Mit c 
ifUr SL «f'rio« of cxfH'riiiionts upon tlie rock l)olu^ bla»U*cl, but ho 
ilioiiK] iiitftnict lbt» bla*Hrni m to th** tUffcTenl, ekir^H to l«> iwed 
lUhier Uu> %-ariouft eondiiioiiB of work. Tlma, for instance, the 
iam« K)«k may ba attacked m a dtrBctlon perpendicular, poralle], 
or iii«liEi«<l to the Btrata, anti in ench of Iheee case^ a different 
change ahoukl be used. The charge sh^uM aJso vnry with the 
(rt« aurfaoc of the blast. In blaellng the first holes in driving 
Uwt hefiding of a tunnel or the bottom of a i;haft, llioy should be 
cbftffied with more exf^loavc tluui \» u^ci.) in any of the succeed- 
ing: roundd of holed, mnccth(>>havo todetjicbu Jiiiit« of rock bound 
in on all aides but one, while for the other rounds the hole already 
blaated forma free surfaces for the nction of the* bla^. For tiie 
aine reason it is usuaJ to employ u more powerful explodve for 
tli«M fir^t ho1e«. 

It U often obwnrd tn L'xca\Titing rock l>>' bliu^ting that, with 
boles of the sanic drplli codtiiiniiig the ^une mEKmnt of explosive 
in the Niair rock, t!«" (effect will be vf-ry mii:lI1 in fur nu^- and 
much gmtler in ariorh<^r caMC. Owing to thb fact, ai^ri(linit.<« ofU-ti 
hnpp^i for vAM\ Uir b?fL.>t('r l" tunftcx^ni. but for whidi lif is nrvrr- 
tlu-Irw fn^pwnily blaiuid :md jKurLMhed by law. l'A|N^rinnuils 
mftfk rw^witly by M«^r«. Uoux anil Harrnu give a aeienlifir. t?:^pla- 
natioQ of Ihi^ phr-HoinenfiiL Ttivse gi-nlleiiteii elaiiii thjit iill J*\p]o- 
dve subDStani'ra crjui fxiilmle in two \vay»: the onr by (iic*fui!^ of 
heat Uwy eall fxf^trsion; the other by nienns of heat under great 
pHWHJiu th«y term ddt^rtotiafi. In explosion the development of 
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the ^o£t^ produced by the heal of cxHnbuslioa i.^ n^atiw^iy slow, 
it Ukicg some time for the procesA to refidi all portions of tJic 
chai|;(^. 'ThiA timt is uUinitOi^imally ^nuill, of ctoium^ but it is 
apprrciioblc. In detonation the explosion of every p&rl of the 
charge IB HimultaiK^ouf and instAiiianeow. The elTeckf prtxliu^i 
tjy explosion &nd by detonation difTcr; in exptlo^jon the HTert i:^ 
to raise up and force dovm the surrounding material, ami in <lctiv 
nation the effect \s in crush this mnterial. Aeconling to MiT:tjiri^ 
Houx and Sarrau. gunpcm'dcr, which uaually explodes, nlU ;d«i 
detonate when igottcil b>' nieanft of nitroglycerine or futniiimttt 
of mercury, nnd ihtn the etiriRy of \hn Waj* is much greater 
ihtiii the KUin of tlit- rnrr^ uf ihc \my malerinl^ explodeal Re|ka- 
rntrly, T]ii- dr^Uiiiution of dyuainiti' is ohlainetl by ine^i^i of 
cjijiMilm iif fulmiiintt^ of itieri'ury lifchtly pHMMtl IqMi the civna* 
inil^. Tf Ihi' rajifule;* atr iitil slroiij^ly |»m*^l htln the it)imrnile, 
iud> a [Hirlioiiiif it will dHoanlc, wliili- thi- otlifr [K^Hiun exploiies. 
Messrs, Roux and Sarrau experimented on l>onihs of erjuid dimen- 
sioan, and they found that it reijuired only 4 (rram* oS <h^;)niite 
to break them when detonated, while it require<l 16 ffrauis to 
break lliem when explotled, 

A compi^nsnn of the nhitive mprgi,' of i*>rpWion and ilt^iona- 
tion of diffireni siihsijimv^ w given m The following table, in 
which Iho eniTgy nf f^uii powder is taken ua unity: 

Fulminate of inereury,, ., 9,28 

Gunpowder 1 4.34 

Nitrofiiycermc 4.8 10.13 

GuncoUoii ,. ... 3 6.4 




Tlie preat advanta^ce m Inp wcured by nbt<ilntng full detona- 
tion oi dynanut^ in^H^nd of part detonation ajid part explosion 
can readily be hocd from tbi« iixU]*^. U all the dynamite couU 
In blasting be deionaird, only half the quantity now employed 
would be TOquinnh Thi* u-ould l>e a great fulvwta^ not only 
by reducing tlie co»t of exploi^ivcH. but by euttinic in half tlM^ 
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Ufviunla httndl«<<1 anil thus reducing the chance of ftceulenliil 

111 rtiiiditflifig hlAfltmg operalioiiR m city irtieets or m thickly 
setlWl districts iL bi Ihi^ u^cuaI pmctW to cov^ the holoe nith 
a |rot«tiDg matlivM* bofoir firing th*?ni. Burh niiLtcreeseB are 
tERiftlly made of krgK about 1 fL in diameter loosely chnined lo- 
gvHlirr mto a maltrrw-likp bunch. In Now York Ctty each 
ntHtlreae wraaUy con3^l«u< of ten lop;, and ^ou^h mattrestce are 
\m>\ to co\'^r th«r full mca of the bhu^tlng cone. Over Iheso logs 
IK plawd a heavy Detting made of IJ- to Ij-io. tnanila rope, or 
f'lM a «1iMt of tio, umialty a v^ccIiod of di^fli\tr'i tin roofing. Logs 
aiul ^'p^ nvU arc preferable to lopi and tin vlwxiB. The logs 
ihould be loowly tied lofietlier so that They give an elastic niat- 
Ue« to ateorb Ibc forw: of the explosion; if faattncd rigidly 
l<jfict!ii*r tbfr wiU hn^ak anil fpitnler. TIic opcmtion of these 
nkallnwM is as foUo^r^: They rise into the air from tht; foroc 
of Ibe bbui, but confine the flymg stones uDdcmcath and iittme* 
dtfltrly drop back U> urns their originiil position hecauee of their 
peat 'vrcight. 





CIIAPTKR Vin. 
EAKTH EXCAVATION: HA>'D-TOOl«; MACHIKK EXCAVATIQH 

HAXl>-TOCIA 

Shovels. — ^Hic simplest and pi'rhn|>A the oldest tool ^mjicyed 
in lU^ c:(c»s'aticiii of riuth i."^ ttie Hiowl. llus toot &9 ahown in 
F1^. 34 cousi.'^t^ (jf a ^tooden haiulle vrith & flatteneiL troo or steel 
BCoop or blade at one end. Sho^-cls nre niAde of difTcrent Auupet 
ifiT flifTertnt nuiteriAljt, and tbey tiro vniy In 
form with llie u^ge of ditTereni C4>untne5. F^r 
exciivatiii^; luoec rartlia like CjUjck^ind uul 
mud K bturjt'(>ouibe(l ^ovel i» irmploj 
wliile for excavating haMor soik a 
[Miiiil^-d ftliovel i« piujilf»>vd. Another ti 
pnee i» the len^li of th<^ liAndle, whicb ismhia- 
tiriPH !(mp am! H-im-tinifs ftUort. In Conli* 
nenliil Europe the long-huodled iiho\-el it 
generally emplo^-ed, **Ue in America tt i* 
Diore cusiomar>" to uw shon^lw ftiili *ihurt 
liandk«. The UTiter think* that this .\jiuriwn 
pmclice has Uule n:<m' than pn*;wU<r to 
recommend it. The s^io^^el b a lover 
fulcrunj It; where the n^orkman gn^p* 
handle ^ith hi)' left hand ud to which 
power is applie<l »t the upi»r exlremity 
handle. With a lonjrhandled BhweC Ihen^ 
Tm. ai, fore, the Jcverntm I* lonijer nnd the 

fmj)Iri>"e4l smaller, and conw^qnently the amouikt of 
pepf<nnietl by the labon^r i* pi?al<^' Uian if he use a *^hw^l 
a abort hnndLe. Another advont^ce of tho luogbandted s\ 
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in-r works in iin ijfrnfclil j»<isilion, ami Kif Piwfiiraiice 

r Haul if t^onijH'Ued tu \\<\r\i l^riil o\'cr wiih a t^horl- 

M «hovel. It 'k thi« liite of lYaMJiiir^ lliflt lias kil Kuroprao 

*npbvfv and co5crmetor» to favor ihp long-tismllriJ s4io\tI Tlic 

iu^inr pod^sv'orefll lo inx'Pf^i^te tin* rvjiwn:* for tk' pfifi-mivp 

of -Wrican enpiiwn* anJ i-ontraclors for thi? fhoii-hnmlW 

shoiplj but, with i1k» ('xwittion llial it wtui morw han<ly sinil I'su^y 

. ^ imni*port, no pl&imbl^* iT.a*on rtniki b*' <li«'ij\Tn il. A im^mtHT 

^^ m^ of the brgcM fimw wiling (Mnlnu'ior's UmAs In AiiH'riea, 

^ ^vifltiit i^uipiw i]iAl »uch a qii^^Uoii shcuJd be n^knl, fuLtl, 

"Unto oa my authorily that lie !<ing-hnii(ll<'*l Tih^v*'] y ib^ laay 

BiutVtool," but \vo |[iv«ii III) zv;i»oniE T>*yi>mi i\\\& boM etatf^nienC. 

JiW rinc« ili^ bb*>TVr is to the contnift^T and engineer simply 

VTorims: nuicUine. utiUxinl just for ll>e amount of work it will 

j fttfonu in a Any, it is n<*reBflar>' to obtain fn^m this 

I iuttmn nuehinc* the f^reateet po^f^iblc nniouut oi 

I «prfc, oml thJi) m accompli^ed only when it is 

i«lkn<ttt lo work under Iho mof^l favorable cundi- 

jtioiu. For this reaton it would »cm (Wt the 

lloAIC-lBittdk^ shox^) alLould be pitfrrred to tite 

thori-httiKlW ojic. in fact^ while in this countn.^ 

dootractOTv con^dpr it a fair day*s wiirk for a iiiati 

to lottd from 7 to 8 cu. yds. into a cart. Kuioi)emi 

enginrcn calculate Ifi cu. ni< as llic avcnap© day's 

vork of a man uAng the long-haniilcf! riiovcL Thit 

diSrrencf ot work obtainrit by tlw t\*o different todli 

W wj pnit n** tx» coiT lit Hind ihf pi^nti'wt coiiMdeRilioii. 

SpaJc — VVTw'Ti the *oiT jdthoitgh loiwt* vH iiff'T' 

Komr nwianir t» ln^ng rt^movcnl ivnn ir^ iiniUT:i 

fanl n AfrrinpT toi>] iIiaii n kIiovl-I h^ pinplnyed. Thi- 

itf tlif^ (i|iai1i', Ihi^ rtiit!4Lriir[ ion cif whidi Is ^liouii 

by Fig. 35, Tltr blai]»- i^ iicjirly Hat and iic maii> 

of bi<avj' si*el plaU^ reinfortW at thv top pdgp, Tli- 

handli* w of wkmI with a rnxft-gjiji at iht lop. In 

Dpirnitiiin the iF;:<nde b prew^ei! Info :hc pr)und with the foot by 

Ming H^ainxL Ihe reinforce-l oiigej. Jn thi« C'>unlrj' the aparle 
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b itUocii OMd for gnml •xcsvation, ivacraie^ bving 
a vtTDi^ibovvlwhhA AwppomtaidsmiirarvMl topMi^e. 
av» <4 thif Affwl inak^c it uBO&tmBory for tbr bbom to rli 
frail fptito to Aovdt ibv Mog ttef , or c« handle Boft u- 
tatiftl «ilh a narPMr-UuM «pufe. IV fffiriene ^- of «ivk inih 
tilt qwnfe ymtm with th«» dnraclvr of thr maMuJ, Uii Kiik 
•vtr ap' matmal frocn 14 tn IS ra. y^ p^ day €aii bp 
AlwagseoC $1W per da j thii makw the oort of amply 
1 CO. jcL fttMii ita Dftland bed finm o) to 7 ffnts. 

PtdL— Iji Botb which rrquiR a ^tronprr tool tfau a F^ri 
pick is cm pto jro J , 'Rus loul with iU wooden hamilr anJ 
dotihle-poiDled bcati w foniilur to cvrry one ami nfr<b do cI 
tktL In MMDC Gvn brjih potni5 air jiaupmnl with a 
taper, but otXtn ooe point b rhi?^-rtl]cnl <<ilhrr panJicI 1o 
pefpcndu-oiar to the axiii of thr hAiuUr. Tn 4>|«>niti<m the 
poiat of Ibc tool b struck mto tive frwMtut ati>I the hontne i« 
HB a Icvrr ti> |iry nul a pit<c« of earth. Tl>r chk^J nlgc- iicrai 
|o iUt ilin-rltoii L<( iu«-iV IJliP an uM or like a ak:fcn4jrk itr hiv*^ 
ciTint'fir^' </ llv* Mtrk duiji* villi a |)«ei rahp^ wiifi tin- rh:i 

tuul <<tjniUtiunM rif thi* Nii). Tl v p'lvnJly tWiii 
Ui bi* fnnii luirr In ihm- tinii^i iKnL at thu' 4¥i^ 
Hiul <^«l^«e1|t«-ltlly the euKi of n-inuvbig u rutw; }'J 
of rttrih iry iTiL'siLt uf tb* |K4ri vnrii^ ftmn 3 
cetiu |»r tubic van). 

are s*>iii*'tiir>'- u^'il fr»r Mvaviui.E^- ». i ■ !^ 

haznmers imd acii^ Tl^e glodg^^iainmer^ pni|iloTa! 
for Ihis purpose n\ay be cf iho satiie 34iai>o. ^y^ifri^ 
anil tliniensiona as those used hi tiie exnivuiion of 
rock, but afl in loose soitd wooden ^vdf-fv are uotxl, 
the BledgB can be ruiuk' of a p»ece of lieuvy wind, 
upunlly cyliii4lnca] in fonti, which U bmioft with 
baji(lf< or hoopp ol iron uD<i provi-Jctl «'ilb u Uvof 
^^ ^ handle, as ^ovnx by Fig- 3ft. Thv vrvt]gcs an* znaih? 
of tt-of"! [uvi iire itmcli larger Ihan Ihiiec usmI in llic c.xCA^^|i<iii of 
rock; thvy arc from 18 idh. to '.' fL h)ng am: IroiPi s to 12 \vkit^ 
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thWl; OQ lop. ThfT dedgD sj\*\ %'e(lgr« vr pcirticulsxly suitable 

lot br»«kkng liovm rtwp ImuiIji or inct^ of cietb. Tli^ motUs of 

ptoe^fluir b to ilri\-^ ilif Wfilj^ In -i row |jnnil)(*l to ihi* c-(1|e<* of 

Vbttittftk imd u litUi- huck ftvim it, nn<] drivo tlit-iii nnfiT :i i^'uni i« 

'ip^piMi ADiJ h !(lioi* of tlki> Itatik faco rnruk^ off- TIw> ii'tiEhir Ihc 

lanl tlf(' ]En*nl«r U iho cl^ct^noy of Uto ntf^thotl. AnolPitT nii*thod 

rf rHkXAine l«inkii >>y W4>ilipw b fiivl lo cu: vcrtiral rharLpi'lt* i>r 

pMVft lit mK^TV'iUif ill the facp k> as to leavp liuttn^M'^ of <*iirlh 

tHawfi ibciD. Th** RiMovofl aTO Duule about 1 ft, wi<Io, luicl the 

hflxroBM^ Hi arf ^ or 6 ft. T^iiic ajul ibc mmc t3<'i>tb a^ tin- clum- 

irtfc cr nlxnii 3 ft. Wlw^n Ibc inhole fnce of tbo baiik Iian tiofii 

**«Vil in the rruwiMr iie*cribed ibc butlrcaaca are uii(leniuTK'<] 

^fniliiiit A borisontal slot ibroiigh them close lo Ihc Hoor of 

*** eicavation. ITii* Icjivcs the buttr^swa 9u^)eoilc-d arul 

■Itadb^l to the bank on only one side. They are tbc^ii di-iaelKti 

^nicuis ol wedges ID a manner siiuilAr U> that alrcacly ciescribeij, 

BUstiac. — In of>eii <x>unlr>' awny from babitjiticin:» it w often 

**i»Tiueiil to use blA»t^ for wuch wvirk jw liRvikiiig dovrn u knoll 

*^fiwtJi- A cbargrirf ;«rvifid iioiimln tjf dyn^uiiilr tti .ib'Mit 'M\ jK-r 

*^TiI nilnigljtii-riiic* LH iMr«*r|i-il in tW ground iiiilI rm^tJ. Tin- 

t^Jwifin kjop«.*flu> ai&d bn'-iiks ujj tlm t^jirllt, mi ibiil it vmi \k' 

^lled by scfiovrrlsi. 

Hjrdraulic Eicavation. — A Tiirr.biHl of i-xmvrilion vrhicb In 

*«rj" clke^p and whieb ran lie i*iii]iloy<*d m rtfiiiu* v:isi^ when* 

mtr undrr |irftt(uf4^ hi availnbk i^ in brr>Mk iloun tbt* siiil Tiy a 

jiowerful lioM^'tiirvjLiii aud huaIi it aw»y tbrouKH wi^^xicn Ibitrit** 

ti^ at sonxe mlable point, 'ftiw mplbod of ixeiivjilioh 

rnudt ti^p^ oil t)t4- Pacifie coa§{ m iniiiiiig uird for lliiing 

in railway trmtles, 

UACH1?4K KXCaVATIOK, 

Hk Etm^tude of modem cnj^moerin^ works and Ibr^ mpidity 
with vrbirU llvey ore jjrosecutod make tbe pick afid ictiov^4 t€o 
ilmr a tool for earth cxcBVutionf and tbty have hf-er ro|jlae**i! 
by cxcaN-aliag u*aehiii« of Viirioiis sort* which iire cjipabli^ of 
maltiplytnjE tt^any fold the ^'ork done in a giwti itijii^ and at a 
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p%Tn cost. EanU excavation contffc4^ oi Iwo profcsM^s: tbc- Erst 
id the 4tJf^>liLceJii(-Jit of thf^ ?Boi] froju Lt«» tuLtuml bed, oikti the 
dr^n<l w Uic Inm^fcrriiig of the tliriEiliKxH] soil to ^-chKlcs for iu 
ranovftL lvxcavaling-n)«rhiiM-ii must i»crfonn bolli Uicsr <Iuli^ 
Two Kpnrral nioflfn of prtK-cduiv ar* folloi^^l in Pxr,i\;UTr^ 
cartJi; one w to remow ihr Miirfuoo l>y ^r&piug off thin bjvr*, 
ami thr oUier b to rnmovc a rieep cut by lakiiig e^ucci^iwi^'e i^yrn 
from ibf rac<* of a wrtical baiik. Hy fJit* iin^i ntnltoti rbr 
exc4tvaliiiK-Diacbuie iised w in cnu^taiit niotion, ain) hy tlv 
aeL-oiul methoil the machiHr (iocs very Kule Iravfdtiig. To ll* 
Rm da^ of Tnachiiifp bdong the f]rtvf. tJip Kfiapetr aji<l th^ 
New E'^ra gr&clor. »ii<l lo the setMHn) belong various roniiM of 
diggiiig-niachirtps. Thr Ar^t rhi>w of niachirt^M U operated by 
hors.^p<3ViT?r, and ihty wcoinl rluj=w by »rpain-pontT. For sake of 
rjinvrninifi" the viinnii'i ffimus fjf rKnjiViititig-mHrhinos on ihe 
iTiarlcrl an' cht<«ilir.^l JWTurding lu tfiHr laaiKuT of working in the 
following t»bl^: 



AliATking ih^ oarth nil Akmg Uut Airffttv 
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AtUckine I lie 
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Plow,— Tlie wmplefit machine for breaking the ground U> 
destroy the cohrsicm of the soil ijb fhe ordJiuiry plow eirkplo^vd 
for agriculturaJ purikosi'^ Tlie I'SK-ntinl part« i^ thU implement 
are: s trhngnhr-puinlivj imn i>r slw*l t^nrr U>t xliemg the eartk 
at the Ixitliirii cif ihr furniw; n iiMrl<UlNirinl atlHfheil tg iha 
right side? of Ihr s\Min' »:iil hfivmg a helu'^rldal Mirfacv* to 
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ovrf Uic earth cut from tin* furrow; » staDdanI conncftinR Ihi* 
DHilil-lx^rvI nnfl ehare to rhr fjcam, nnd a l>rfini provtdoil Vhith 
& rJovts at Uic iorvurA etui ami with hanJh-fi ut Iho n>ar (*DfL 
Sotuctimcs s eniXcT pmjcctiiij!: dotvnwArd fntni tbc bcjini forwani 
oT tbi! ehnrc ia c-Jnpl<i><cd for compact jUjJ tuugli iKfiU. PJ(ni-9 c»f 




Vw -A7. 



vanoua fonoff an<l lIihl irjin !iei i I >[, tljcniarkcl^onclncaHy 

cvriy tnimufftcturcr lAys cbiiii to superiority brcjiusc of ffoine 
patrnC'il ttHftirluiirtit or i!iii>rtivi-n».-iil. In sibc plows viin' from 
ibogr wfiich cai) bc liauicd by two uid four horses to those which 




tequiiv from ten to tm>lro horecs tr» pull tho-ni. In some formflof 
pkrwH the beam ami liandle? are of ^vf>pd, as Bhoft-n by Ftp. :i7. and 
in othen, as shown by Kig^ 3S ^nd ^1>> the bt'ums iiro of \t"i\ mvi 
the h&ndlea whoUy or partJy of iron. Wlicn iron branis arc 
toed they are gcncraUy ourvrd kp th&t the shi\rc and niold-ljofird 
jft connected diirctly without Ihc necessity of it sUmvlftn.1. Pii.wa 
with metal bcnnw arc aJwny* prcf^Tiblc, na thc>" nrt^ stronger 
iwtd taore durablep ihert- bcinx no wood Ut d«rrny. 

FlowH art uEuaJt}' employed for breaking: up the* enrlh .^i that 
it can bc rtmovcd by dtv^ or wheeltxi cf rupcT», uid when wnr^l in 




tARttt A?(D KOCX eXCAVATlOX. 

Uu8 way ili^y a/^ ^^n- pHkieut loofa for ^tlittg down a brj^ arvs 
in thin U}tps TV di?p(h of ftimw i^ino^-^ varies *n>ni -I to 12 
ins., and its width is ikbout I ft. Arcoixfing to TrauiVL'inc a plotr 
drawn by two horaoe and operated by two men wiU brvak up 
fpofn HOOioSOO ru, y<i& of strong Iiean* soij and ffom 400 lu Q(M) 
cu, yds. of ordiiuir\* \o<xm per day of icn houre. Tbe daily nmnit^ 
escpeneca arc the wafre^ of the nii^n and the keep of live Itofe&t 
and they maybe t«timatf>rl at SLoOand 75 et0.each.mipcctivdy 
which f^vTe A cost of I to ] ) contR tkt cubic yard for hcA\'>' soil 
mid of ^ to ,7 cent |>cr ctibic yvd for lontn. 

The form of plow gliown 1>y Fig, W b dewi^ECi>od ^^^poctally 
for breaking \xp turnpikes, macadam roada, ai>d centenimJ walks 




fui. 3U, 




It hti» a heAVy iron betim» to which tlic point in »^irrvl by two 
strong fll*^el plalos, ITie imint ia mmlo of too1-ete<'J* and es n?* 
movable for flharpenmg or n?ncwal. There b no nuild-boanl 
or culti-r. Tlif handles anil cIpats are similar to than* <rf (mlinary 
]»lawA. 'ITicw pIowB may be drawn by horace, hot it u» man 
coTttmon lo operate them by cable,* from stationary eti^hint, \T.ir- 
tieularly where the ifli-ork is brtakiug up macadam nmd 
a'lcw'iilM gravel 

New Era Grader, — If we di'finr an F-xcavnting-riLaehinr 
one wiileh T>olh bnrakTi up and UvuU the earth, iben the* 
docs iioL belong amcmg rxnivaf ing-Tiift^Oiinm Hie only 
for ntii inc-lniTin^ it Jitnmi^ lunid-KHil.-i i^ that it w o}>erur>vl 
horsr-powrr The New Kr:i ^uiler Lh a Inn- rxrav^il itigHii 
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'VffVPT, V it both I'lx-flk* up Iho swl nnd loads it into carta for 
Uiuixpt^rt. OiK' "I iIkv** tiiiLoliiiH'i^ U «lKjmi t>>' Kig* 4U and il> 
Im)C. IU i4ioti-ti Ihr (-^envAtiiijc nK^hAnisrti iin*\ Ft^. 11 shows tho. 
)(tf¥iinf: rQ(*cluinitfBi> Ttic iiinckmr ii* itKule ciitin*[y uf sftcwL 
The »uiiii Jmnwr is aHird lunl Iniwc^l :*> mj* Uy cJvo }i£hlfii>s 
€omt>iik(^) with iIk" Ktiiit(*j«l |Kmhli- r-tirnjElh ixiul (h*> m^*4'H»ry 
flrxibilitj' Xo oltovr ibc rruu-hifMT to eonf<>nii to Ihc uiktvth nurfnoc 
i4 tli^ 0ttutul wiUioilt Ihi*! ffAfm^ draining. twiMmg, or ppnri^in); 
out of ritAK. 'Rim osaiij funn" if imiiiib^] <)ii ci truck iiiih lw«> 
■Im'iiME'Vrhi'ck uiul two bind whcfJs. Oil Ibr tmck thrre i:s a 
kU»riij whrre tbr ojiomtcr MArjiid> h&ving in front Ibt- flprorkrt- 
irivrrU for n'tOJlati^V ^Uf* carriw or devalor. On thf- Iff: hIiU? 
iif thr tnaiti Utatw h atlivelii^ii tlie plovf-l>catii, injile of a st^H'T I Ix-uiiu 
I^T^Jt^nitifrular lo ttie jilovt-lH'aiii flji>n^ ia ii filarnlanl to whicb :mr 
bnltnl til*- jJf'Wrfmnr uud iiKilii-boanl. ho that, prcpcrly ^|l*'M.killn^ 
tliiai marbiitp tMii U* (oujiidrn-d as a vcij- jKiwerful slcel |ilow iviih 
lli^ rutUr partially tiolteii to tlii' ploi«i«harr luid (he wIioTp plow 
perfectly 5xnl to Ihc frftmr In ordiT lo givi* Mobility U: rhe 
tnorhino and rouiiteruct the grt*ut lAvight of tb<^* c<iirrier, th]<t 
|Kwerfu1 plow is plar^ At thv out^nno^t {vnui of fbo main iramo 
cd the inick. j\j» in any olhcr pW\ tln'rt' m the tnold-biani 
which turns th^ furrt>w rcniovrd from ihr W)il by the sharr?; 
vith tbo <lifT^rc*ncu iIiaI the furrow, itij^U'dul of fiilling buck 
Ob the grnund «ifl«r il \\x\3fi Ixvn n-volvi^il, billj« on ihr lowor end 
til ilw wirri^T nml Iniv^j-U iilfitig it, Th** rurri^T iw rmlly im iii- 
rlinr*] h^\\ conveyor in wbit'b im **niilrsoi W\\ is stn*tdji'il b<*irt'<.-*^n 
ivro rrv'olviiiie dniinK pliuc<l nt 1hi* 4-xIr<*iiio» of ii fmiiio lUiJ nmniujc 
oo rollrr* pljnv«i| on \\\i' upiHT *icie of tJi<* fraitjo. \Vhi*n ono of 
Ihf cxtrMiii? n*volvinK ilmm* i» mo^(Kl by ajiy motivi' [xiUTr 
tli^ Ijcit 10 4y>inp<'IIotl to Inm. and constH^m^ntly in trnvi^ling along 
the frame it will corn' wiih M^M any nmii^rid wliicb Iiui* bi*i>ii 
drp^t^ upon it. The dniiu at t!ir up|xr Pud of llw^ laddtT w 
ttfuolly moved by a suitable arriuigenient in connection wilh Uie 
hind axle of the tnick, 

\Wn the tnochiiw b in niovrmcnt the pUw cxeavatcsi the 
coitb, which IS dopoeitcd on the loner cud of the bcit»and traveJu\e 
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ftlotig it r^arhcK tlm highiKt |miiit aiKl falls ntfT. TT now a 
is tmvi'ling nlongjtitU^ iif ihr mnelkine, il will receive the disci 
muti^Hl siml vrill thiui Ix- uutoiiiAticuJIy lojul^il. Having cnou^ 
w]igf.irw HI himft «'» (hat ;l« ^khi eis r»no is loaded an empty oi 
will ijik*** it |»bcr, tint TfsnU will bt' that ihc? machine ^tU n* 
only ^xi'iivato ihe ground, but alj«o uutomuticaUy load the e] 

CttVAt«<) IlkHllTiril. 

Thf ftirrw^r in from 15 To 22 fK lorip, arid can be indinnl at' 
ftny Angh^ by im-aik? of ohniii?^ pa^tiig ovrr f;h(^vvH «upporte<l b\ 
a FU*ct fminc Attaclvnt to the uuim fnuiio of the machine and 
wound ftTomul pprockol-wiuM^ls, whii^h tiro rej^ul&tfd by the oper- 
ator eitandiriK on ihf* platform of the truck. Thi^ irjxnic of ihc 
cumor is nuitk of ateel, thus Jtnini: lightness and filtx'ti^th nt ihc 
NUne time. i)n eairh «idc of thf^ upper part of the fmnLC of the 
nirrier ihm are lwx> aowU boAnls whic!i keep thp exrAv-ntcd 
niateha^^ on the bell atxJ pn*%"ent tlwir faUint: nitifwayw, Th* 
«|wcr beUrpii Ih^ molilboaij gf ihp pJow an<l the lower ciwl 
of (he ranirr u pro^-itleil with » Ample laDil-Iifting attac^hnu-Eit, 
hiakiiiK it pooibk* tu load uti to the ci&mer €Wn ^aiidy or lij^ht. 

The New Km ftnutrr i» drawn by ri^l hoTws in fropl and 
four Miilid. hitched to a push<iiri. It had U<m obwn-ed Ihal 
^heii tin* timlivv pimrr wait aj^iBnl onl>- tn fn>tii of the niiicbtrLe 
thiA W7UI Iial4i< to m^iy Ma^p^ WtW <« amiunt ttt Ihr itidiriation 
iif the |CT^i4Wkl or iil (lie Ktiutll n-wtanrr inet in the wnrk. To avoid 
thii Mtd ill i^irtk'f lo lva\^ lh(< nuiehira- always unlrr eoiilrrd, It 
vwt fouwl ne<<n0an^ Ut a|i|ily the innlivr |>oii¥r both in front 
an«l at the bnelL t^ lltr utarhLivc, TSe four hotan «a tlie boick 
arr hUctMftI Alirra^ and dH\m by a man ^Ung on a piuh-cftrl, 
mh^Wti y a nin|4e Uxwwhevl tnirk vtth a mull 5«al. Tli^ riutft 
<4 the <«H i« xv-n^ Ii4«. ah«i by mraiitt of dkune u strongly eon- 
m^«hI u^ ibe iibam frai^ t^ the itMrluDr. F^. -12 iUustratcfi th* 
(-uA •raH U\}}iX by \\w Wt^itmx Wbreic^l Scraper Company. \ 

IW X^« Krtk BV^W «till vtiH; ia any anl wfan? an ordinary 
ifkm CM bf ^nw>l. Aivl i^\vr «Aii«k tnMa md tte maciiw can he 
vW\vh, 1V i4^vii ^«n (be miMmt «il httMk aa nueli 



L 




JUkXm CXCjLVATIOX; UACHIKE kxcavatiux. 



w 



to nny four lioreee plov. ,\HUiiim£ that the tc^mn. bcluding 

th^ Ato|fpmg. will liavel at Ihc rate of one and a hair niilcs per 

^"W. ill ten haun & furrovf 15 inilce longT I ft- ^'idc amd iti«. 

"kHp will be phited on the carrier, which ia c<|uivul^nc (o 1460 

«ci yifa, of earth, and this u the th^oreticaJ eHiciency of the 

Ktuhhv. SiicJi a qUATitity if* not \*fiy far from whnt htv-* l>cm 

t^)' ob4iiiiM>d in pr&ciinil work. A» & nilr it fan Ik* ANtuinnd 

'lot it b capable of E>]{W-ii]^ in gniHc or rrnhjinliinnit 1000 cu. yAs. 

of ttirib» or UndtCLg frrmi 50l) In IVX) uii^hl'* of I K nt. yiN. rApnrtty 

^vJi in a t«*ti*hiJur tltiy. u^itig luil >ix U'-ruiis »iid (Jirc*i- rni-ii, TTir 




Fia. 42. 

fficimcy of tlw Nrw Era grailer, htjwcwr, deinnul^ ehirfly upon 

tht m1 to be excAvatAl; iti light und rviridy ,i(iilF( tlie wiirk 19 vrry 

done lo itA theoiY>Liral ra|iacity, »hili- il, cun U* ^u^imif-il nr niily 

i«Hh4uUf of lliH liimugh rlay Miid uaMhinl Ul hmd'imti trr ^ruvrl 

To Ircid lOOn cu. yt\t*. In ti>n hontx h w^t^on itmr^t Ik- at, the 

gidff (if Uie machine pvct^' tliirty or fifty art^md?^. Thr leuj^t.h of 

tlw haul will gaveni tht? Luiiii)er of teams aial wagoin rrtjuln-d. 

A learn with a dumpnig-wagon by autonmfieally i)|M-niji>; i\w 

bottocn will haul 90 fl., dump. :^nd n>ltim for reloa^liiift in one 

nunuce. When the haol i» mit iivcr .VJ fl, four rt!ig<nt»4 tvil! altend 
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the macbine. For vach mhWinnm] 90 ft. orif> T«am must be 

The cost of the daily work of the tifw Era gratipr » giv^n by 
t!iF wagm of the men aiul Ihe fiiring r>f th*? hf>n*ei*, whif?b i* uft^urned 
il^ \w SIS; dividing this by the total amounl of the work, the 
v.ml per unit of volume of the tlieoretical efBcieocy ol Uie iijilc1iU)# 

IS 

=0012$. But in light luul aandy soils, tlie actual 



will be 



1400 



0035. 



work being 1000 cu. yiU» per day, the coel per unit of volume will 

be j-^ =0,018; wnl in Iianl tmh, like thohe t-iunnmLrrHl in the 

excavation of tho Chiciigo Dniiuape Canal, in uJiich the efiicioncy 
of the mfichint' wa» 50S cu. yd&., the cowl per uiiit uf volume iB 

608 

Nrw Cm p:niilcrtf jm' i'Xl<*nj*ivoly iii^t^d in tho cxravatioQ of 
eanril^, nud un' very vduaijle in con^itniotiiig irrigmion-ditchev. 
They art? jiUo uM^d with mlvaati^e iik loading ojirth into wogona 
whrn the liiiul U honx 600 u> 3tXl() ft., iunl zw a ruhr thp\' glNT host 
re^ult^ in tlu' c-xc^iVAlion of large qujUiliti(%H of rmth extended 
over a ]n\j^<^ an-a, arid when the deptii of tlie excavuLion U not 
more than 10 ft. 

T\n'. New Era grader juBt deacribwl and illuatratfHl in Fig». 
40 and 41 is built by the F, C. Austin Mfg. Co. of Ifarvt-y. 
Jll.. wlule Ihr cut of the push-cart hns been taken fioni thf Cnhi- 
logue cif the WpBti^ni Ulirehd Seni|KT tViTiipiiny i>r A)inini, HI. 
Tim latter firm is building lUkuthrr nimilar mnchine built <]ii tiw 
same prirnpW fv< Ihttw of Uie Nt-w Kra^rmler, liut varying iii llie 
detfiik v^\ht\ thr rlt-vatiitg ^nuler, wu^ondoMdrr, jmd diteher 
Thew HH? the only Iwo fonns, Co thi^ knnwL'dgc nf tht' writer, 
Ihiit are cngiigtHl in thr- uiiinufnt'turt* of Lhis kind of nutehines. 

AuFDTTiobik steam Grader and Difcher, — l.nt*-Iy a new machine 
btUE IwHin intro<lueL'd on th*^ nmrkt^t by Ihe Bunnell Madiincry Com- 
pany of Chicago, III., And is Illustrated in Fig. 43. In order to 
lojwen the f>|MTatiiig expenses of the New Kra grader, thuc reduc- 
ing XU<y unit of co8t of its work^ rTimIe up. as has beeii set^n, from 
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lirfifi nunilter o( hofWtf used &s motive power, and from the 
TLipJcfjiiwcl of three men. two a^ drivera and one a« o|)erfllor, 
^- M. G, Buiukell undertook to subatitu'e sleam for the anlnml 
|*rwf/, ^t^ the rt«u!t wa£ tlio automobile eleam era^ior and 
'iit't^r. Tlud OMulatd of a fixeil plo^v- and a belt conveyor, )lkf? 
"^p -Vctt Em emder jiBt described, \^'ilh the exception that, 
"*t*«i of bcir* mounl^ on an iron frame, they are supportf^d 
bjf 1 tubular boUcr. of tho locomotive type, mountod on four 




Fl<f, 43. ^ 

*li»ls, Tlie iwo front wbfi-ls luni on ati axle, whicli aii|i]w^rta 
lli<- tmiler by rieanfl of a heavy forged brai^kel coiiJiccU-il [\y a 
pill it9 a socket at the center of tiie axle. A chain on cacli aidi^ 
'>f T-h^ boiler lea^iinx to ^a^b of the front whfvl« ttrni oikthIimI by 
*hf rngineer directa ihe iitlviincp t^nd liirniiig of rln* ma/'hiiie 
l^*^ rear end of the bwl^r with Ihe firt^lmx, ;iMh*pif, i*r(' , lsilin?rtly 
'^I>in>neil on the axle of ihe two Xatg^^ driving-w]nt'l», Tlie T.irps 
<^ llkf-qn Q-heeht are vtry wiiie, and nn* provided whb iriinsvprso 
t'> pip the ground, A small hnriKoiitaJ engine on top of 
lxiil*>r engngira a tiyT^lcui of cog-iAheeb whicli cause ilie rear 
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uhp*"!« of the ninchme !o revolve, thus propelling i1. TTie sanifr 
I'ligiiu' \ty nu'aii!? of l>eveled wheels and shafU iiTiparis iiiotion lo 
rlii» iipjKT JnitJi of the OHrrier^ atnl coiiJM^qwnUy to the l>ell cy>o- 
veyor. 

Slecl hrAckou, fixed sxX prtch i"klu <>f the bciiler by meane 
chfilti^, *EUpp<)ri lx>ih the plow jtrnl the rojivj.*yor. These chai 
an> wouniJ iiround ^hsJU iv^xjlultil by tin' cnfnm'crr who by simply 
lurninp a t^proeket-whe*^! rni*\'< lliein imd ijr>V'^^ ihe tiLachinc u 
any ordinal^' road locomotiw, or by low<Tin^ boLli the plow and 
the convenor ihoy ^nfit'if^ tlie soil and Iho machine ther» wor 
ae a gnuier and diteber. Tlie plow ia fixed to an I iM^arn, hfi^ing 
in front a finmll wheel so ae to <lirect iU course, an<l the 1 Ix^uni ii' 
£UBpen<loL] to the lonptudinal almll by means of two chfuii^i, and 
in Ihe manner indicated in the LIliiHtration. Tlic earriep w stinii 
onti worka m the sanie way op the one describcfl in the New K 
KTadcr, The maeliine is regulated by one engineer, who dtan 
on a plutfomi at the rear^nd of the Iwiler, having at his conuna 
nil the whM'h For thr vnriou'* rnovemrnlfl of the machine. 

The li^ppy orrungenient of llie heiiyy boiler and mechanifl 
at the center of the machine, with iL« working parts placed on 
each r^idcof thr bcHlf-r. ninkt-.t Hie whfili^ n vt^ry woliil, compact^jM 
Bjul rn.'^ily Imiiiilfil Mmchine, and ihe rivnull bt ihat verj- rflirirnt" 
work is obtaijicii. Ik'^idtw, mich im arran);i'ijn--iit pn'VTnt* the 
stngyering of Uie machine, a defect very contniun with ihr- gnider 
moved by iiniinal |Jower. For this n?aw:fn, and ah«> on arvotail 
of the .Hitnplicity <if direction^ whirh lk in the hands r>r oiu^ ua 
tfie theorelie^l work of the autonioliile grader m twic6 mt tn 
as that of the New Ktsi gnuh^r, tmt] i>\|jr?iiiaent« made at W; 
Texaj. and Philadelphia fuJIy eontinn the statements of the 
faeturers. 

ITie cost of the anlfunohili^ Miytiin grader ami ditcher 
only $3000, Ita i>|KTalin^ ex[ienses l)eing calruljited at SiS 
day, the cost i>r the unit <^f voiumt* of Lhc ufirk will be just 
of that given for the N*»w Kra grader. 

Speaking of the graders ruid ilitchor^, it !>-■ neeefleory to nwn- 
iion a grader which, although ii cainiot in^ coii«idei«d as on 
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rxcjtvatuig-tiLiu-liiEM- accortUng to ihn ileJlaitton giv^n, In yet 
Imb fSf^fili^il i^rt of aiiy c4>i]lrHrlnr*^ pUrjI. T\\tn icrrt'l^''' '^f W* 
^BpTp L4 oiiWrfly u>«>l far fiiiLnhiiig ^tmJ Ifvellng ni^uU nni] If^i prrpsn- 
I tiiem for tlie pa^'Ptiient ; but in jtome caries it b also used in the 

aravalion uf Hnmll imirh'.-^ :iml t'-njial»j tlirou^ vory ionw soUa. 

Tig. 44 tUu»tnu« liic M'iKt'ni >-tvul ivvunubk ix>iul-iDJu-hin«r 




fa Ow latest irradf^r plactni i.m Iho nmrkH; ^milar maehinos, 

li'jw^'VTf, afTc tjuiit by Uu' F. l_\ Au^^tiii Mf|:, C*>,, Uoatcm Wheeled 

Scraper rompfuiTr, and thf'StiiiirlCjradcrt'ouipany of Obcrlin.Uhio. 

The nuK'JiiiKf cOQ^M^ of a nt«-l fmiii^ mounlnl on fiur whrcU; 

iiuun fniiite 16 pro^'iikil with a i^i^ivt in TronL f^ir thr driver 

d A (ilaiform in the rrar for th(^ o|>t'ralor. The fnmi whrria 

»malh m tlmt the machme may tuni un » t^iTuill circK Two 

[ |niH|ft Rxoci at tl»e nwUIlt' of the nioiii fryiiu* -Hupj^inl a lirn.riu 

iprJi w abto conoeclod inlh the frame flbow tlif :ixU' i»f (lir fnail 

Tie beflm fiupports a Hoating soraper-bhile which i* 

:u!."»tP«l by the opefator by ineaija of rliaiii:^ oi leveb. TTif 

Uinis OD a di*k aii<I may be raWt) or loven^l iiml 
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£ifi9unie imy pcetlicm, so thai ii may oxcavaif' ft ditch of any <ltinfrn< 
sion and to a <l^pth of 24 ft, llic earth ifi turneil CTer one fiitlOvJ 
and \rhcn the ridchino U \i-orkinj; in the opposite (Gn?c()Dn tbol 
earth is turned ovti the other si<tc, thus fanning Ui€ ililcJii'S and 
mhfLnkmcnt.-^ of trnuUt irngntine-CjLitiik It id in thb kind of 
Vp-ork thiit the riwichiut- w vm' ctticienl fuid to which it is <flprciaJly 
adapted. The axIc of the hind wheel? cnn t>c <piickly exlon^led 
either side, so thnt tlR* whtn-l en Ihi* ck!i\Tring side o( th*- machine 
is no ohalrijctifJii la the dj.*rli;iiire of tht- eiirlh fmin Uie blade. The 
«hapr and r*>[ip(truction of the sernper-bhidc, «!< »"cll %•* the inann^ 
of rebuild if ijc Ih*' marJdtie in its wurk, fonn ihr djiimti of thf vnri- 
v\\!% pn,t'-iiUi of thia niaclune bs manuffnUirtHl t»y the iliffefmbi 
niHniifnrtiirerff. 

Thf fon^p iw^uirwl to o|)erat* a grailer corisistfl of ^\e horw*] 
am) two men. and the operating i*xixii«* ean be awuinn) i 
$12 irt-r (lay. Tlie efficiency of the macliine depeiidH ujion ll 
»oi! and charact<^r of the work it ])errt>rniB. Thus, for instance,] 
hi leveling roads it« theorvtieal elTieieney ean l^e eonsideml at 
35,000 Bt[. ydfj., and in excavating iT^iiehei^ through very light 
and »an(ty soil ns l^bOO ru. yds. f i will be 8afe to assume the real 
working efficiency of the machine at only one-half thetfo figures. 
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EARTH KXCAVATION: CONTlNUOrS DI0QTNG-M.«:niS'B9. 

KxcAVATL\G-MA<-iii\K5 which also aatofDEticiilly discharfie 
the pxcax'atoc] rDatniaJ Into cars, thus performing fhe double 
|mr|X)?« of (.'XcavatJng jind lo^Lding machines, can be dividend into 
two <"lttwr<. vii,, riititimjtn];< rxr^ualiir* r\u<\ iiUrniiiMnil exwiva- 
tors. VTitU t})v rxci'ptWi (if Imuliiiig-TimrkhK^, Mvrnil of wliicli 
havr bn-n m^rntly puf, nn tht- market, nn (v>ntiniioiis rxravHtorx 
an* ti«^l lit Aiiit»rirn Jind Fii^lniTcI, biiT, in Ctinlirti'iilnl F-irnifn- 
tbi.'y fiinl KtVTil (iixttt with Ixjf.h eiij^i(n^i> Jtml ciinl ru^rtur?*, lit 
Rnglaml and America t)ie prt-ferrptl excavating-machinp U the 
yltf^jtm-Hbowl. nr ^av^'J■. 

Continuous exeavntors for land use are constructed on th(? 
fwmc principle as the ladder dredjp! for marine use. They con- 
iUt of twt> ettiltess chains stretched between aD(i pacing around 
two ret'olving drums, and provided with ^^coops or buckets, which, 
bem^ held against Che j^rouiKl- surface ami given inotinn by revolv- 
ing ODe of the clnnni^, ^rape up the soil ajid dischargL* it into 
MiitAble re«*ptack*i. Tin' lin?t continuous excavator ^as pat- 
entM in IS&9 by Mr, Chevr(*ux, tx Frt^ttchmim, and was used on Ihe 
Sues CanaJ. Since thon rumcrou:* otlier machiiies of thi« type 
been dc<<i(rncd and fjJaciHi on tlio iTiurket. In some of thc*e 
Hie Jarlflcr curpfc-iniE XUi' ehain of t>ucltfU in f)ljwrd 1 ^anJ^vcrscl>■ 
of the c»r tixifl ill othfr» it \» plaoi^l longitudihjilly, or panUlcl to 
Ihc ttxin of the car. All of these oxcavatoni can, however, be 
diL-wii^ed either as up^di^zeing or down-diK^ng nmchiiiCH. The 
iUAtiii£ubihmg features of thcne two forms of excavator arc illun- 
Uatrd by ¥'ig. 46, 'Vhc dovn-dii^inp machine ia located on the 
wirfacc bring cxe-a\'ntcd, ia a niacbmc of large ihniensions and 
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gitat pon-er. and U U9^ for cl««p excuvaiioos; the iip-diggtnff 
m&chuLe dUtnds on the new eadocc formed by tlic excavaliOD, 15 of 




F^o. 46. 



MiiiiUi*r [tiiiiemiond uinl power, awl is ustd eltker ou kIiaIIow cute 
OT to im^pare tli(> work for jIijwhh liggitig. 

Down-dt^glng Machines — Ti> llliti^lnilr niHcbinrH of tlie down* 
digging typ Uwr continuous cxrjivsitfir buill by Henry Satre ol 
LyiHi", Krancp. rs shcmTi in Fig. 49. Tbi* w om- of llie 1110*1 
perf^cl aiachine« of th*^ typo, and lia* be^n «xl©a*a\nely ijg^\ 
10 Euro|>c, on thp rnniuna C»nu1, aitd C'lft*whc»rp, Thf exca%iH iny 
iDccUanL^m proper i)> located on a uti^^l plalform supported by a 
double Iniclc ninnintr on Ir.jrk* of orvlin^vr^' ^u^. To mcn^Aiie 
(be »1al>ility uf Xhf injiohiiir wbiltr tU wrrk two other ^^'h€c!8 nit 
infirrtoti on lln* excnvnlifm eido, unci k»r Ihc :«nmc purpose n ihirl 
mil I?* introfhHdln and Ihc* nxles <if U«' hm<l wh(yl of the front 
trvH'k uiul tfiul of tlic injut whirifi of Ihv hind truck arc nuuie 
much lon&T in ^rdcr to reeelvo these suppU-inonlar>' ^rheols, 
'n»f nmchini? ia Nlf-propcHiuK by means ol nn cndlc« chain run* 
iiinp from u. ftproekcl'whccl on The crank-^irdl of the engine to a 
ttpnirkK-vrhnl on ihe front ftxk- nf llw hind Inick. 

On llieHtcrl \i\n\ foruontlie oppoflUc mdc «f tin- Imldtr ij^tnountcd 
i\ rctuni-nibnlar Mfani-hoiln, 11.24 h. hm^ titn\ Z iu h iliatnctcT, 
h;iviu^ n UiUil hr'alliiy suifiiee of *hi~ sq. ft. A iJimbltTjlindiT 
i^crsililc vertical engine of 'Ji HJV rapacity if* n^ied, Thi* by 
im^nn of an cnillcrv ebain ami »pri»rk[-t-wlK<i*l nuives the uji|iPr 
Itunblci of the bddcr IJwd to n frann' JJiniK >**cureil to ll«> ji 
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ItlS KARTH ,\M> KiH-K KXC.iVATlOX, 

form fii tW Cftp, The tumbler i? eompoaffl of ah rx1( 
he\iLi:onnl wheel*, each t-idc of the T]c\a|^>n l*iii;t such a« lo 
perfectly n'UH%"C thi? liiikw of the atlbulntcd chuma can^in^ 
thew buckctfl^. The hcxfi^onol nhceb nrr- placed 3 f(. apart, ihuf 
teaviriK n five s^pncr into \s'hi(*h th*^ buckets, in iiiniin^ over, Mnhtnl 
tlirir contents iiito a hop|K-r iiml thrt-ufih a chuic lo Ihe can* 

The laddtT b* miulc of Uvn tru!»Hl iron brams, 43.6 ft, kn^; 
brai'rd top:lhcT nnd providnl wi(h n^ilcni on ihc u;ityr suir * 
Off to facilitate: the running of the rhain^. It is iixcd to iUe frw 
of the tumbler and chute by inran!< of two hravj- LumUH-klf^ 
whi(^h jM-nTiil tr^ilnting tin' l«*ri?inii *>f tV rlmiiw carryiiiK ti* 
bnckrlw- Tf> injsiitt' the riinhility of tb<> laichinr a holloH boi ']f 
5 toivt aipui^ltr in Ukcalr'd on Uie i>|i[jiiMte ^ih* of tlu^ ladder it 
the level nf the tmnbfe. At ihp- Icwer end of ihr- ladder (Nw 
are two flnnp'd !*lii-!ivefi firr j^uMiri^ lb- el»iinf^ Tin* liulder b 
hit 1^(1 111. tt^ iiiiiKTeiid ;iiul fnt- nl the IciA^rr, ^otlial il mavasHJjna 
any angle, thus chjsply foUowing i)ie hirlinittion of the ntopp >f 
thpp^ninil tolieexmvnteil. Th*' rsiiHirtgTUkdlMwtTinKof ihelsjjjl^r 
ift obtained by menns of a chain rep:ubte<l by n ftin^te re\-e"nil»P 
drunk :ind a *yat*m of alieav'**, th(^ nmst hiiponant h&inj: tte 
om pincod on top of a frunied Jib, Tlii» jib con^iHU «)f two I-bfiiiit>^ 
4 ft, apart tird brne^^d tngether at their upi)er and low^r ciwi* 
and neivr Ih*- ccn1i*r, thus leeving iaj'|^ spaces hi order not » 
iiiti*rfere wSlh the hidder. The lo%M>r end of this jib in pivoted 
to llie ploifonn of the enr, atni the upper end Is bmc^d by ntc^a* 
of iron rods lo the frame carrjuij: the driviDg-tumhler. 

The buckets are of Btorl, <>f ""t> cu» ft. capacity. They lie | 
oonstmeted with a hemisphorical face provided vrilh a sh»nP 
cutting* ciigc; their backe are flat and are attached to the link* 
of tliG chain*, the links being hung at the back of the burk^ta 
When the latldcr ie lowered down in contact with the liarik. iht 
buckets^ by graduully cutting a slice all the nay up the bauk.h'onM 
fdlcd ajid carry the material up to tJic iiriviag-tumbler. Ww^ 
the ]ink]<nf the chaiiiAatlachcd to the buckets tumox^rtlve lumhVr 
the matcrlil will fall by CTavily into the h<*p^>er aiid thnnif^ % 
chulc into the t4mi. Ti^Tnly bucket* turn mxr the tuinbW i'\»tt 
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nnte. tia that Uic throrrlkvil rfficipticy of OiU ntAcliin^ per tt^n-tiouf 
ywHl be 77flX20x60y]0-93.l2bciL ft. or 34r>0 -Ci cu. yds, 
Dlviih>t^iditjg that the c.\]>enniont«» niaclc at r^uitin, IVance, 
u* given actual rvsulU vcr>' close to the thcon^ticol ciEcieocy 
I tfap niarliinp. it« real vkTirk clr|:irnil» upon many circumHtancrT^^ 
ttttn^Mt imporlODt being tiic* qunlit/ of Ihe soil lo be exmvateU 
jHithe manner in which the vmrk a rimmgrih In the exe&vop 
wn nf the l\inaina (^aruil 300 cai» of 6 cu, y\]». ei»c}| i* the averagi? 
djuairv nf the S:i|.re ■■xrtivntcir, 

^^ t ntlf^ liv?4- limtijiiiiiLM rxr»val4in( give the beset reMiltx in 
(nd^iaft clay, aiul ilirt; luiil tlieir eHieU'iify alwi (li'^ieiiilK ii|jnii 
W in%ngerjw*rit of the wi^rk- 'Iliey nv^uln* hi piirTinihtr einpfy 
ifttl««.}'fi at hfuxd to reeeiv^ t!ie exc^uated inateriolfi. Sinee 
Bfii!kA« muet coDiiimally attack a new fiurfaee, the inachine 
«*0 be moved wry often, tmd it is- ihiis conshkred more con- 
<Wnt to place the niaehinp aloitffi^iJe Ihe trt'tich lo be excavated 
>4ft at the front, sinoc it will then kiav-e lo travel fho entire 
tiRth of the Irench before it returns to iho lin^l poBitioHj thus 
OiriBg all the time ncccssar}' for the armngE^nicDt of tlic 

nu8 murhmc worka well to a \Trtictt! ilrpth of 20 ft. It la 
imUecl by an enjeineer, i\ codmnn. a fireman, three oarmcn. nixl 
iliawmaD, antl iU roii^mjiptiori of coal l* 3 tonts f>er day. Con- 
irring the tn&gv'ji itf the riiguuTr at $3 i^er i\iiy and thoN^ of the 
VT men at $2 Piieb, ahil thf cir^l of roj af. S4 jx^r ton, the daily 
pewc* of runninjC ihin marinjii* will Ix* S27 or SO-OOS per cii- yd, 
the itwHinrtical capacity mhI Sil,Ob> of thr wUiii] t^a|«M"ity. 

In the excavation for \hc iiti|>n:iveiiiriLt tjf river rdK;pn^ or 
uJ !ilo|]r5 lli^ ronliitiinuA dmi.Ti-iliggijiK mju-hirir }i\\t;< Ihr 1h^ 
uIL- lU* MTnOoyim^nt it alsf> vrry roiiM-nieuL in thi* exe^iVHrHm 
Vi(b* tr^ncJieit greatly exti'^njitif^ In length, lunl when' Ihe ev- 
'Btnl ruat^rialf; ar^ deponiled on wu>-}i-hiitik?' awny from iW 
f of lh*» wort liut it is iioi at net beat in working trt-nHif*?* 
BK tli« exeavaleil material hiis been used iii the I'liibctrikinentj* 

ih* construction oF the rnail-bed, except In the ease tlial the 
ttvaled earths can be hauled tlireetly from the lop of thi* trench 
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to llie fTiibiinknietil ou specmTly huill leiniKirar>' nuub nmi not 

T)omMii(qjiriK mac}mn » of iliffeii^il cnpacUy aw on llie m.irkK; 
tliey vHry fruii vrry %ht Ui heavy model*. Tii sek-cting taie 
ot llieei^ uLacltiiiei4, hoA^-ver, it will be better to cIkxih! a ttuM 
of nieiliiim siie; ii loo light iimrhirie may be easily ovi'TluniM, 
while one [liui ih too hf'avy b^ dlilLciilt txi Inuispiirt hml li^I>ie 
to fall (Icwii tlkP bfiiik i^'liirh it uni-tenninefi. It must be remeiD- 
berecJ thni i!ip <UnvTiHii|y:ing Tiiachinr^. ^U. W. P WUiams ny^. 
i*st& vn the etige of tin- tirniu- m\i\ thij i*l*>|v, inclincH ai ao nuflr 
of two to one, i» not Eint emmgh to prewnl a tLluUiig teadeucr 
of the biitili *'!iii«<^i.l by a iO-ton woighl ntnl ft vibrnlor}- mc^ifnji'nt 
from the eontacl of tlu* huek**l with the bunk. Hut, <m Ibe i^th't 
handj Mr, A- \V, R<ihiii*on *iiys It i» claiiiiinl that, us they fumi 
on top of tlK' bank insu'jui ai xu the IkjUoiti of the pit, they U<p 
the (loublft ailvtinrafit^ iif l«Miig hu!e|rtimWt of >tt*<'|-in(a"-%-!iier, 
nnd of Inquiring Wfta loeoTiioiive p«\wr to Imul n\vivy tlu' Wlwi 
tniiiis. 

Up-diggmg Machine-— It hn^ lioen obw^mnl in do^it-^liggi 
machine:- rhat ttwr Undrnoy of tlw^ bLiokvtri to retain their f 
tcntr* i."' invrr?i"ly pr<>iM>i1iont'ii to Itie eloper of lh<' bank, 
buekett* art' tmveling in n pomlion very near the Y<?rtical vN 
tlu' ftloijfi <*l tli<' htmk ia ven' eiiuUI, wliilc they arc travrbi; 
nearly hi>n»onUilly \\\\m the sloix- iP ><'ry iiidinetL; c<>n!cc|Ut'iitJ, 
tfje buckets arc in the moat favorable po^itimi on*! perform 
oftieieiit work whni Ihf bimk u|Kin whiclj the umchine !.■* worViii 
haa iiimll inclmatiou und wlw^n it i* mo*t lulile to cji\p In uiul« 
tl^' Itreat weight mid strain of the machine. To avoid vMf]i ta 
accident Mes^sr?;. Jacqiielin A Chcvir have de\iae<] » la^irhiiie in 
which the buckets travel in a vcrlieiil (xjsition, n»«nniin^ tir 
inelined one whi^n partying o^f-r a tiunbler v^lirre they ili>4'tutr^ 
tlicir content !iito % hopper. Fig, 47 n^pre^'ntri the .litfipu'lin i 
Ohevr* n)jitmmnt*rxc!Lvnlor u^ nullified \*y Vir. Char!«-B Bounko 
3Ui<l i-niployEil in llu' f*xejiv?itiiHi of rlic ranania C4it>h1. 

The rnaHiiiii' is innuiitei! tm n stra-1 tiinttnbk'' resting oat 
fftnvigly rmiiieil ir(intiiid*t<tnd jilatfonn rar 3(L]|>|HirteU on ft foM* 
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wliooled iruck which niM on tracks of onlinsiry gmigc. A tubular 
Iwilor 16 placed on th*f limilable at Uic rcair [.-ml "f tliP car, it» 
HXJfl l*iiis 1 nuit^'f-niplly to ih€ loiiftilmlimU iixin «f tlip tnuik. 
U is arranged ia i\m way in onler to bt> iti rquiliUrium with ihc 



tlevMmiL 




IwltW awL burkc'lri, which iirr Im^nln) iit tfic front r^ml (if t]i^ 
nmchtUCi A \rrlWu! rriifinc iijy-nliiig Ihi- iimt-]iiiii< \% placptl at 
the c^nt^r <>f lh»" l.iinit;»b?<', Tiw t'n^itui' by nit'!i.n« nf sprockpt- 
vbe^te and rhiuns [*jiii>^'& Ihf rotitluin nf Ibr upjuT luiiibkr of 
ibc lad<liT, ibiiA mt|Kirliit^ lb' nuTrivi- pow^T to i.lu* rxcavaiiiip 
|nrt o( tlir miurhine. Tlie cngiuL- causes nlnn tlii- rt^tatjon of the 
tumtible around its axis in ordvr ihat the bcM^r may njn» nn a 
ndiu> ftwl be lm>Ught contiimou^y in from tif ucw stirfucc* of 
tbo batik to be exoavalf^d. In many caw* th<? en^jhie communds 
abo ftiw)CheT dram guiding the bell conveyor upon winch (he 
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inai^rbl from tlif^ hi^jipr^r gii^.i t.n thi^ rritr Fnd of the nuif litn^ »ail 
10 (1uiiL|N^] inU) the cnn*- Tlir tn^icliW in not ffiK-pixi^vUEtig, iu 
tnovcini.*-[it ahmu.] iKring obtaini^l by mc-siiw of & ro|»- uhid) ti 
wound jimutid tin? wi[ir1i4ira<l t>f thr i^ngine and paseee over ■ 
MhcRXi? £xih1 to a po!«t Htrongty Iciciit^ in tbr jjound id frrmi «f 
the mfLchine. 

Th<T !&dil(T U inntio up nf il Iruuigular fniinr 6xied to the turn* 
lablc yyy mc-nii>i of iron nxi*, imil il c*ttm> four drums. Each 
floction of thy IiuIiUt ta oomix^ae^! of two iron benQiB braced to^iliff 
and having an open ^piice iu the ci.>ntor in cnler not to mteHm 
wUh tht- travel of the buckets. Of thei four drutnn carried by 
Imldrr ouly oiw \* rt|ieral4^il !iy Tho ^-rijiinf*, the othefv bcinf; 
|iK- u«^l tw grille iho chiiiiifi carrjiiin thi- buckets The dnom 
corri|>oflCM] of an uxlf> and two f^rooved ehcavre of i>oly^c<nal fonn. 
the KJiloB of the polygon he'mR made in 6Ucli a way aa to ^vc EuA 
support to e\'<'ry Unk of the clmin wheii they [i&m over. 

Thr buckrtd. instead of Ix-iiij; BkchI to the links of the chfiins 
iia ui down-thgFEmg nk&chine^ arc eimpLy eiupc^nded to & horiKn^ 
tfll Mfel AxL*, Tlif holloiu of the buckelA \a pnnnded with rtttl 
ftpun* whifli **Udt' U|Kvi the finiigpi* uf thi- beunit- vn thr cxcaMitirtf 
ridr of the 1A<l<lt^^, thu« friviiifc i^ Hironjter support to the buckfl? 
w\i\h tliey are urider liif* etraiu of temiiig iIk' earth frrin (^ 
bank. Tlie capacity of the buckela is '*:M cm. h. Tlic ^vlodty 
€f the dintu is 0,084 ft. per sceoml, lii biicketa pnmiirg (n-rr the 
tumbler every minute. The theoreiieal eHleieNCy of ihLi nuirhirr 
j»er1eiihoursifi2,24xir>xG0xl0"20,iriniu. ft.or74n.ft5ru.nia. 

I'jMligging tiisLcfjiru'-is can eimly cut banks from 25 lo 30 ft. 
high. They are vitry UiMrfid in the cxejivftLion of tivnehe* Cor 
wngV'-t mrk rHiluiadi*, iu w\Mi all tlip cut nt ilie fft*nl ewn lie in»k 
on ji. ^iinglc ndvnni^i*- Working nt Hh' center of tlie eul when ibft 
IriinsportalioTi in dtniH by eiirs* ninnhig on nnrrcw-gauge iraek#. • 
siiiglMrark lln** t^nn U- plntTd on earh siidt' t^f the machine. The 
excavati-d miUeriids rvuehiiig the it^ar of tlic machme, tra\-e1ii^ 
on tt Mi conveyor, fall eiltier ni ttie riglit or at the left, lime 
loading the ears, which on aecoiiiit nf fhe two Iraeks may be 
idwav's at hand. In such a condition tlie inaehine may work can- 
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^DQsly; the only time lodt will bo m itd ad v-anc^r. which, hon'cver. 
In only a Tfw ruiiiutee* uiid ite ik^LuuI will be yi^ry iM^^r iXS 
tiDoreiical ttheirikcy. Hut in aJeulutiniE ttie ciipiicity of ib» 
oachine il ^1 ht oo&veirient U> u^umc it at twn-tbinJA ot iu 
ibmcUcal eBkriency; in rouniJ i]uniU!rfi it will be 500 eu. ydft. 
pet ten houre^ work. 

Tlie ruiuiiiij; ^xpensre of the up-digfclit^ ru/LclLiiie h cplcLilutctl 
It IIS per (by, and tbe cost of ext^avatimi oi 1 cu. yil. of ejuiU 
vi) be $0,024 butf^l mi its iheoretical rffickncy, luui ViM2 Itu^nl 
«t ilB r<*al wwk. Tlie t^^rigUt of Uie niacbliie U Ibirty tojin, luul 
wim woHcing on i^wly excavated ground llie tracks njxjii wlik-li 
il ruDfl tDUflt be atroiipK tiniberwl. U|MligKlTi^ mHchiue?* are 
ndqovply utvd by Ointiiu'iital (innlraf*Cors, etiixrrmlly in tiPiTiiaiiy, 
bai ilo not fim) any fuvur iinuingnt j\nu'rir»np; and ICnglUhmeD, 

The Austin -Trwwih Excnvnt tn g-m nc hi ne.— Built on Iho '^me 

prinriple Bf KvuXinW'ii^ "'xcaviilors, fJ^LTr- u a rtnsll Diachliie for 

Ife esGcaratioD of nnrmw tren(:bt->;r call^ tbc Auglin trt?nch- 

nuviting ni:irhiD(' an<l buill by i)k? Munkipal (jt^inoeriDg and 

Ontncting C^mpanj' of Wiirv^y, hi It wa^ thus described in 

ttefiijrinem?ii? AVu'sfof Sept. 19, 1901: 

Tbe maclLim' (Fig. 4$) vonmtt of a frame built up mainly of 

and mounted 'm four bronti-tiR^d whcole. Over 

u» A Hbaft to whic-b i^ {^ivok^d a frame about 2D ft. 

In^ coiDpocrJ of two #t«bl channoU connected by cro^e-piccea. 

The idiaft at tbe ^ad of th<* nmrhinc, to which fhi£ frame is 

fAvotcd, find anothur ^ofi at Iho outer end of thc' frame arc each 

itttd with two hexitgonal j^prcekot-wlierlw carrying n pair of end- 

ns link-belt chains, built up of trtw'l drop-foriied liiik.^ connected 

n,- croe^-bara and flai bladce or scrap<w, Kaeh eroae-bar ifl lilted 

rilh two or IhiTC cutters of drojvforgcd steel, the cutters on tbe 

evcral bara being staggered eo that the entire ^tiea cf cutters 

riO cover the whole width of the cxenvation. Alteniaic bara 

ns abo fitted wilh «de cuttcn* or reamers for trinuiiiiii; the siiicB 

f the trench so ad to give a el*.*arancc for the cutler-fratnc. The 

hike behind thn cuttcn form woop^ to carry up the loalerial 

euoved by the cuitcra. 
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Al the renr end cf the machme are t^v vriiicul tliiling 
t!ip Ui^^'T (*ml» ol whidi sjre aHnclM?*l lo tbevnd of ihcculU-r-fraj 
TIk- biiTfi jirr fined witli racks, ^taring with piniouf oii a ti 
verw shofl above the r^ar axle. Tliis *iliafl b* drivon by g^'ariug 
luid the urrflTipcinenl eon&titutpe a ^crowduig" dovico for foiTJrg 
the outt€r fmnie ugaimi ihv buttom of tbe irencbt so Uiat Wa 







greater |«rt cf the woight of tlK" nuK^hin^ 1^ mrriiKl by iho bm^ 
of the cut 

The ikplh i>i tho out in TVpuljUi'f/ t)y raisiini; or lowering 
fret end ol the QiJtt<^r-frmii*^ J'ho cutlorfl tnivcl iij> idong the u- 
ing brettdl, looacnin^ (ho nint^riiil which b c^arrleit up by I hi; blaJtf 
or scrapcre. At the head of ihc machine thip material is dun^pol 
upon two horisiontfil U^lt couvtvoiv fit nejil angles to t)ie trc-iidi, 
vihich duwh&ncc the exenvnted iiiat'Tlal either iiiLo i^-sgons for 
rcmovnl or upim the Kr<*^^d nlfniK*iLlc the trench ready for the 
bEick-tilhn^. 'Vh^ itiuchino ha\i1^ il^'K aIohz by means of a vnm 
rabies firehorc^d ubout 300 ft. abend. Thi^ rable m wound upQDft 
dnuti whiott hu3 at oiie *'nd a rattJiet drivD^p-wheel. The |nwl 
of thi* wbeej U ojiemted by a nn] fnnii nu i«^-nir\c on Ote nixic 
shoTi o[ Uie machine, and llie throv' u* iKljuatAblc, do ab lo td 
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rf regulating the a|n*[»il of hcIvhuih' nr U-tnl TictMirding {*} ihe driiUi 
nf cut auil thtr <*lL?u;i<-t4'r tif llir iiijiMM'iul 

Fottvr is derivwl fnnii ii 25-H,l' Iritction ciigirie cuupltsl jihcjid 
of the fimeliuw. llu* iniiin nUntX' of tlv^ fngino c^rir^ n xprofrkot- 
ivfoeelcoiuieCU'(lbyaltJik-U'!t<lnviii^-i,*li;iiri with n similar sprockct- 
vhe**! oil ilif^ icialn »haft of Wiv vxcAvniUig-UiaMiK'. Frotii fhts 
bUor vhuTt a link belt drivce i\\e sUuSt ixi Uid hciul of the culler 
Inkine, vihilo \"«rti>fli link belle dri^T tho bcvcl-geare from wtiich 
tho oon\"oyori= arc opmatcd. Txro men &rv, rrquirrd ono lo oper- 
ate the Iradion enjjinc, unit llio other to o|jenLt<* Ihc excavator, 
iitoppii^lC And !«tArting the eutlinjc n)rc-hanL-<in« and reiEulutittjE: the 
it^tctyx] aui rttiuirrdn Ollirr men attend to ttic hauling cobk, the 
tn:nch-tO>ceting. aJwi the back-filling. 

The Au^in 1rench*cxcftVttling maehint; suppjicf* & bn^felt \nLnt 
in the en^mf^Titijc j>rofe!waon, Tci oi>en a Irench fnr pipes or 
flrweiw, wheji ihv wnrk ik dime bv hriiid, ofdn rriiiiin^ft (he removnl 
of tiiiich nuicv iiiAtrniLl t.lmri Uautimliy nifili-il fc^r llu' trc^nrh, o\vin|( 
lo thf.? raxrmty of !i&\'iJi|f tiie Irenrli wide t'noijgh fur the niva to 
lianrllp llii'ir f<Hil^J Tn <lei']i <ri'Mr!u'», nhn, fhr work by bMnd 
l3ih'>r is ofii-n inen'!ij«*[i hy tln' nfr''*sily of uiirkliig in KtHgi.^. iIir 
tHAlcritd lieiDg ItandUrd two oi' tlirre tbncB bt^fon- it rt^aHu'^ ihe 
itirfaee. 'Hie Aiisfin iiinrlibic dm'.^ ibi' wirk rhi'UpfT nrid ijuMkiT 
thmi hy 1uui[L U htw ulr*.'miy U't'n iwi*d on coutrarl work with 
mcce««indifrL*n<:akini]aof ^U. At Gleneoe, 111., about ti.oOO ft, of 
trtnch hrnvt been rjccavnted with ihiH itiaeUiiu*, ihr* u-ldtb of iht 
tiYiieh \^m^ 2 ft ani the df^pth from 1' to 15 ft. The material was 
\-pry liftrd stiff cUy, The 2-ft. trt'ach ^vould bo too uarrcw for ex- 
««valJon by hand, hut juBt allo\AB room for the pip^y-layere to work, 
tbf* pip<* lieinj; kopt up to williin about ih ft- of the inaebiiie. 
bthitid tbe pipe'l«>iikf; the back-lillinR woa done by a horee and 
ilr«iE acrapor, with two men ; tho acrapcr workii^ iicroee the treneh 
and scraping the exeavated tnaterial from the ridjEOs into tho 
tftnch, Ju (Ida barcl nuitennl Ihe exeavator i\vig ahout oO ft. an 
bour^ biit tn good earth free from Iwulders the progress may Ix* as 
'tnnch as 100 ft- an hour* At Uleneoe 590 ft. of trench V^ to 15 ft 
deep wi^n* exeaN^atrd lo a working day of ten hour*, 

t^iuUlliouldt-rseaJibe handled, the cuttcralooficnins the inAt^rial 
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iiJOun<l ibem luitU they r^ill out ami nrc cftrrletl up by the bij 
For La^' l>ou1<J('re tho uuiu-r-frujiu' coii be ruisod otid the 9t* 
rcinovc(L by picks. The mficbiiu- will nxirk lii any pla«e whcrtj 
ihtn arc not too heavy rocks which the mochmt carwot ha&i 
Jt will cut lrcncht« 'J1 Ui 48 ins, wictc and us drcp as 20 ft, 

Still &nolbf.r fiiuchinc A^irkiiLj; on ihc f^mc piinciple lu 
continuouit (rxcnvAtoiB is the cndlrss-chAin cxravating-niurliuir, 
used ill the cxca^'alion of thf; tuitncl for the Central l^ndott Ry. It 
rc|ii«Mrnt» the only madimr thiit Iim ever been cmijlo>i^d in thf 
cxca^'fltion of tunn^Jo through Iiumc swb. The special coiwlruc' 
tion of thr- Inddt^r atkL the buckets trA^rllin^ hnri/AintaJly att due 
to l^ir iiartiruUir cimilitlon of the work thi^ ttL-v*hiiir wnjs inlenditl 
to iM'i'furiii; but with .1 ^dight niodifa'atiuji it uiuhl lieui^^ly inAiles 
very prHcairjd IrTnch-extm anting niuchine. Tt ift hIwi v^ry iriler- 
evlliiK (Id fu-muiit nF being ihc finit ext'HViilor rmi by cl'^rfrieil y 
TIh' iUhl ripliiiii nrid < nit (Vtg. 49) iif thia iiLiidiiui? nn' Ukni fi 




This cxcavoiinfi'inachinc consbts cf an undor-cairiace ^ith 
vhocU nixinrng on a S ft. '6 in. (jdURc track. This cojria^ baa an 
opening beneEith 5 ft. 8 in;4. high and sutheiently wide to admit 
the Uflual 2 ft> gauge cars undeniesvth it. The top of Ihifl carriage 
is etrongly braced and carries a short king-poet on which an up| 
carriage revolwa. This upper carriage ha« adcs of plate-ii 
cro5s-braced and with a central caMing revolving on the kii 
attached to the top of thb carriage is an cndlo^ chain earning 
excavating-buckets. The frame which camM Ih!.-* chain is 17 fL 
long and is licld up by two chains pasting to a winding-dnim in tlie 
upper iiort of the carriage. 





nw? [iincliiiK' U ilriVL^n I'ltK/triually by h 10l>anipi?i¥ motor ta^lc* 
mg ciiiTpni at 200 volt*. The cum?nl u? suppUe^l by a 20-H-P. 
engiDe and d>'narDo at the head-house. The motor ia mcuiiUd on 
the back end of the carriaRe and drives a sliaft parallel to the car- 
riage by a two-thrpad wi>ri« aiid wunii-wheel. T>iie ehalt also 
operates th& rovolvitifc* the prof>eI!mjC, aud the miBing nud lowerirg 
gear by aiutabb b«vel piniona aiid ^\-hccl^. T^to revolvmg gtar 
coasis1« of a pair of fricijon-ermes aiid bevelwhoeb driving through 
a worm^or, a elmtn ]>ulley vrith ciiuhis pacing to Ihf. e\dea t>i 
the under-fmitir. The rai^iiif; and l<iM.-ering of tlie buckft-laildfr 
18 atoo pcrfonncd by a pair of fnctitin-coiiea and h wDrni-gpar, 
and OD the Ijam^l of the latter the liftitig-chaina are wouiui. The 
iJgft^'cliiig gear ia Tv^orkfd from a |ju11c>' ou the oppijeite ernl oi the 
■DDtor aod belted In a i-ulicj on a shaft, over tUr king-po&t. Fioin 
this latter diaft, liy mpaaa again of fiictioii-cones, aiiollicv shaft 
Irndrng down the king-prwt t* opr-rat^il, mid drives, by a wonii- 
grjtr, two i<|>onlj» plawil nn cither side of Uie- undfT-framc. Fmnt 
th(*«v? )*pool» wire ropcvi are k d aiul anchored to the side* of the 
tutimd, anrl by fh^m the maehine Ik moved. 

A* ihe excyv:itmg-biirkelw i\iv run at higher speeds than thow? 
iwwl *»ii dnNtg<-N, vKpi^ial care hai* lo b(* given to the fwd, and 
faJi hwTft und whwl:* for ihi' ootumt of thr.' inarhint' rre within 
•wwy fv>ch of llwi opersUor, who utaiids on a wniall platform on 
ilio kdt of the rn^u^bino, Tho initkei-lad<ier is fin<?d with a screw 
extension device for liKhti-uinjE up the b»eket-chain. Tho buckets 
ftie roally acrapere nnd *'ach ha^ four or iw^ reeth» ptawx! alter- 
nati>K% chisol-ahapvd antl tiltini^ into nn.'et^eeB enst in ttie back of the 
bu<cketfl;-but aa one or two \n>re broken, gun-metal has Bin<^ been 
euiplox^d v.ith l>etter reaultH. 

Wliile tlie machine ia not as larKO or liOixvy aa experience sho'ft's 

I wouM be de&irable, the only ftop^^ajftra hnv(? hci'n due to the break- 

Hbg iii buckets. As it ie, the saving over hainl kdmr JB vciy con- 

^Smirrable aod an a^^ragc advance v{ ihn^ 'JO-in. rinp" i^^ ma<le in 

Itd ioufA irith eight men at the face, including U:e inacLdne 

operator. 
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RARTfl EXCAVATION^ I.STERMnTEKT DKS0I>"G-MACaiNE8L 






Like contmucus e\ca\'&tor«, (tu«o which of)cmtc iatcrmittcn 
may bd divided mto two c]a£see, those which V3cal^atc upv^^a 
and iHoee which excavate dowTiti-ard, Sleam-shcrxclri, or Davviea 
ad i\)Cy are called in Koi^land, arc up-di^in;: luadLiii^ And oran^sfi' 
peel aud eluu-ehell oxciivatora ore doim-dieinn;: machines. Kacli 
of these types o1 cxcavalcra will be diacufend by tl£<lf. 

Stc&m*«fadveb- — If vre observe the [Do^Tinentfl ai a 
flhov<i]iiig iL \^'IU be seen that they are a« follov's: (1) TIk* A\o\ 
ifi lou-eii:^!; (2) the blade is thniel into tlie grruntl; (3) the fill 
shovel is raifted; and (4) i)ic eliovel is swouic around l<> dwharge 
ibi IruLil Intii tlie wiiitinj^ wMgiiii or ciir. All thcw minvokenta 
urn Pxtti'My TV[n'*Kturt\l by the ste^im-Hh'ni'l. Tlie **hovi'l |:iroper 
consi*tft uf a lirj^e bmlt*-! «r dijJiier iiHuclifd lo a *lip]"'r-hiuicile 
snjlfpiirleii by a boom or jib which can slew nrouiul a full n^mi- 
clrcle (IT (iirH^. It is i»|)eniled, ilinni^h a ayslcm rrf thnini^ and 
ihea^^9, by a three-druio reverflible enpine located cfli a car whi 
also carries the stenm-boiler and all other opemung machine 
Steam-shovels are seli-propelling and air oj^erated by an eogt 
and a craneman, Tlie movpnienis of A fteam-shov^l in operati 
axe afi follows: (l) The dipper i& lot^'ered to the ground; (2) 
edf^ la tJmist into the bank; (3) the dipper is then mised eo 
to ecrape or scoop cut the bank until full; and (4) the dipper 
5Wun^ around over the car Tind its contents discharged by uiihitc 
Uig the bottom, which swings open on a binfe* Hie lowcruijc of 
the bucket is acc7amplished by loow-iiini; the boi&tinp-elmin, wh 
puKCs o\'er the top of the boom and JOipporte the pulky lo vr 
the dipper ig attuchcd. The second nio\'eDK-Dt ifl obtained 
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U^nf^tbenb^ the dipper^handfe ; thU U doiw by the cHuioman, 
who siootls at tlie foot of tho Ixiom. By nioanfl of n fcot-brcok 
lie cftn arrr^ llie clii)per-hand]c in any pofiition, thus havinfc A 
point <A support anjuncl whu^h it may rctau*. Tli^ raisuij; of 
thr dipfVT in accc*mp1U}ii:^i by r&v^r^nj; the drum of tlie hoiettjif;* 
chjiui; the bucket scrapini; the earth if fUlcd with dirt, Tlien 
tlkC cT&nenian loses a little the foct-bnak, ami withdran^ the 
flipper-handle »> aa to diaeD^rago the bucket from the materia!. 
The slewing oi the boom or jib is accomplidlicd by a chain encased 
horuootally in a groove of a large wheel at the foot of the boom. 
lo tummg, the bucket rrnchc* 3 position just abox^e the car to 
be loaded: the crancnian then pulls a rope commanding a laich 
at the bottom cf the bucket, which is Ihua opened and the earih 
falU b>" gravity mto the car below. The bottom of the bucket 
closes automatically when the dipper 1? brought back against the 
earth to be exravalefl, 

Aecordiiig to Mr. Hrininiin, ihrt fi{T*t ^team-?*Jn>viTl ^»> iln^gi^ri) 
and |mt4tntr-d by Mr. Otiv sIhiiiI 1840, but it was not until I8G5 
that ibe mBchinr rp.iiie into gj'rw-rrd nse, It i:< now tmiU by 
(•.•\Tml nmnufHenin-rs, whtw* mnvhun-v vaiy in tin- design of 
various |j«irtj*, but tlie principl»-?< of "jH'mtiuii arr i.-w«'Titijilly the 
in tliein jill. Only tWTi nio<U*h of «|j?iim-sh*ivrlH mil H'. 
ItluKtmted bc'n?, llu* BMrrihiiriil st**-iiii-Hhiiwl, lmil[, by (lie Marion 
f^if^am^hovel Company nf Mnrton, Oliio, arul the Dunbar- Rustoii 
tpftm-nav\"r, built by Ruston Proctor & Co., Ltd,, cf Lincoln, 
Ttngland. 

Bamhardt Shovel.— Tho Bamliardt sieam-ehoxel, illustrated 
by Fig. 50t i3 mi>unied on 3 pbtfonn car eupporled on two four- 
wboel Irucka of tho u^ual eonftruciion and ordinary pau^. TIjg 
bobt^ and emes-ties of tbe car frame are of white oak reinforced 
by e^eel channels. Tbe eiUa aro of uteel channels and 1 beams, 
ilh wood ^Imgt «eun?ly bolto<i together and riv^ctcMl to heavy 
'slecl end plates. The car is firovidcd with a draw-bar at each 
end allowing tt to be coupled into frci^l trains and hnulcxl at 
ordinar>' freight speed. To prcvt'nt tho cnr from lipping under 
tbe great strain of the shovel, the bu«D of the car t» greatly in- 
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a¥«»d by nHwtf of iivo ««d Jftck-fataees ftiiftcbnl cntt on 
ekia of thi boot end o( tbB car. The facto t]«iDsUa4eKlu9 
foUsd aloigiUa ol Ite etr in peni^ obemictiofks vtieo tfae wl 
mschtoc b m mot^enient, 

Botb the boiler aikI the enfpnee ue locatod on the plaift 
of tbc car, the boOer bring al tbe mr end, tbe tn^mcs 
tbc center of the <ar; tbey af^ proleclcd by limbrr Mc valls 
and ccffnig&ted iron roof. Tbe fi>e of the boikr and M^incd varicB 
with iba vaiiotu itmiJcIj^. bnl iti Ihr niodd G. hert tUustral 




Do. 50< 

the tjnjler ia of Uicomotive type, TA ii*- iti diampter; Ibe firr-lmx 
lieiiifc 4S iijfl. loiig, 4K ins. widir. and M in?, tigli. It contHinn 
70 fluPB 3 ins, lit diametcT, eacli 72 iiiB. long. 

Two double-cylind(?r viprtical riigini<» arc emplt^ym). The 
one UK^l for hoiriing hax cylimk^n^ 10x12 inx., and lljr otlkPTt uwd 
for Ibmnting. Iin* ^■ylind>'^^ 7x8 in^ Tl«* dnim-^haft rotAtea 
continuously in "He- dln-clion. Oii il l}ii-n< u: immnlnl n haary 
fttw^l gf'Hr, driviTT by ?*iwl [nnioii on The eitj^i«^-t*lmfl, Thre* 
frirlion-<lmiiL* ui^ nl*i njountni on (bis rfiaft, tht* hoi@tmg-<lrum 
in r.hc eenUT ami the swmgin^-ilrunw on ilie pmlp. 

In front of llie covercd rar iliere ia a tumtable with g^oo^'«ld 
flaHRpa to enca* the ^U'wing-r'hsiiri uf ilu- Innym Thp turniaUt 
is thoroughly bnu^ aod iit£L}inl tn (<Tc-r>- ttiivctian by merits 
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of «trp1 plMrrtj bars, mkI fcrginj^, prcun^ly mTlral to^thn*. At 

ib<? crtitrr irf tlift hinilabV' m fixnl tijr f«>nt of T)i^ Umm. vt^Mi 

icu&y luni 1iy lunui^ in »p]H>c^ilr ilirt-tiums ihi' t^rif i!ruiii» c»iii- 

msmlbig thf >V-uhi^'liiiiii. Tlic tHHun Iei iin IiiHuiihI mtk lifum 

n"iiir*'»tviniy hIitI |il?tlt'>t^ 1icir^,:uiii r4*r^^ii»ff>*,vitl»it h1<»i hi Ou-ei^uler; 

H« lanvr «-iwi b fi.vil to tlit lur:iUt'lL' aiij il^ mijier eiul U lied» 

fcy nn'cuiA ftf an iron roil wilh tumbuckle, to a pin inserlftl at Ihe 

t(f[t of the A-fraii'^ i^nictunv Tliis ccin?%i^if^ of twn ni(-kint£-branjs 

nuute up of be^^T stm*l bann and frjrginp;, nlth filling of \i'hile 

auk, suvmonrnteti by a c^f^i-^tvl lLr:kil|kWnT- and in the thape of 

tbe letter A. Thi- A fmnii- ii^ rocimv:tc() at \hv br>tloni vnili 

li«de0tA]s by nifftni= of bc«vy fiiTp*t!*9rt*H4 hintP'!<, *-xt<'i»ling through 

to the Uildi't»»ii>if tltt'*ill*of thi'<'!ir,fiTwl tX in ;iLs<» I>r4<vil lo the 

rear oixJ tit thr eau*. 

Tli^ b*>';in riiniuflml? lh«* *ho\'^l» Cf^ti^i^ing (if a lai^ hnrkct 
on<i thff <lipi«T-hitnillt. 'Pie laiter U matk up of u 9;i;u:ir(' iwik 
boaui irJnf(>fC4Hl by ^l<>ei pliuo^ bare, aarl forpiipt. lu lourr fu\^ 
U |irovidk*(l uriib ft nu'k oiiKnj;iiii; a fiy^ti^Ri of cojE-wbeolif wbirh aro. 
in the bUft nKuW^^f iiii»vf*ii by w ruinll ([iscincr iimimt(*d on Ihc 
IxHim. Such an anuniP^nii^il pf'niiit? iht- Icngllii^iinc aiiJ short- 
cmiiH of tikr luuuik^, and by a bituk it may 1>ct unr^E*d m any 
portion, l)nis bavins an a\m aroiuid \\Wic)i it mlatci*. 

Tbf bucket or di|>ppr ia rif JJ cu. yiis, capatily. It I* of plat«- 
vt<r«l, irith a acnu-rl!ipiical cmsB-scction. Ita cuttinjc ctigfi is 
armo7«d niih four heavy forgcd-stcci iccth running lo tlie Itotlom 
of lirf^ bwckrt- They arc faslcncd by iron bars and bi^lto*! Ii> llie 
liucket tt'ilh fiai-bcadcd bolt*. *o that thry can \k easily n^muvwi 
juid chang^ when damaged. The bottom of tlie bucket or dip- 
l^r U made of ftecl plale and h hin^(! at c^nc Mcle and ke^^t clowtl 
by tDoaoif of a fpriti^ -latch. Tiir bucket is pro\i^leii nitli fwo 
raeks, one n^ar tbe top, am) t?i attached to a slieave suspended 
lo the hniMnig-eham ; thi* (^thtr mck U placed iK-ar the bottom 
and v^ fixnl ro tlie handle. 

TbU inarhinf! can ^vcnvat^* and html two hiicki*^ ever)' mhiiite, 
and rnn«"*iiien(ly IIp tlieortiind t-ffirienry isfixW*X H>fJ= ;^IOrQ, 
On aeeciiuit of fhn dilTietdfA^ of {rnonbantiTig ihe wi^rk of 
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tiTo or three op<'rator9 nnd Ihr losa of tinw in aJvnncing lli* 
mftclii«(\ flrnnng Ujt^ trucks, wailing for ihv- Cftni. und other 
ulihi;icli-n wliich fire met with m ihv i^xciLvatlori. it l"" safi- to con- 
sifler ihr leiJ |Tracltca] worlc of thui niachmo not ttif>n< thiui on^ 
half of it? lechuii^H^ caiiadty, iiriil uMinlly iilHuU cint*-lhinl- Tltf 
niriimi^ i<xjNmiHv-< uf (Ii'i.k iimchlfht can 1m* :u«<ittiii'(l ill $2-1^ ilitiiii'il 
into the following ilems: Two miginopRi iit t^ f^iu^h; ono vrniu^nmri 
amlciu*fireniiii)Ht$2; aiiy nirmfnal.^]..^; 1 tonof l-ojiI al ¥4; iind 
$1 for f>il, wiit^r, wiwt*', Ko, Tf»' tatti of I'Xt^ju-ftfinp; 1 ctL yd. of 
earih vrjih this Eiiochine will tx* (»^ ct'nl itl full ca^iaciiy, 1 .6 w>iitfl 
at one-haJf cajmcity, and 2,4 ppiiIs at one-lliircl capacity, 

Dun1»if A RustOQ Navvy,^TiiP etPam-nav^-iL' used in EncUrnl 
i@ lauth tfuitiUr tu the cfteam-siiovcL Fig. 51 iUuetrat€S the Buft* 
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bar (t Euston steiim-nrivvy sis uswl in lh»* pxravation r*f tlw 
Panama Caimh Tt consiHs uf n s^lrong nx-lungular wroughi-iron 
frame nkountcd on wiieeh*, f<nTning a i^ulMantia] ba« to vlikb 
all itii' parls are w( ured. At v.K^h voniiT of th*' fniinc is a 9tn]ng 
jack-wrew, aiid a fifth is places! ininiKiinldy und(T ihe pivot of 
the Jib on the front end of the frame. Tiicsc take the entiie 
^vight when at work. 

On th*.* back end of the fmim? is locati*U thr 0[if:inc beside 




which tbft driver standa. Tlw^ engine U of tlie ordinary vprtical 
type, with a croaft-iube boiler oirr^iTig usunlly 80 Wm. ^:xt»i^rc, 
and \ih.s :» \\wT of cylioilpn* iif 10 r[,l\ injiujiial- It miiH tip to 
IfjO to 170 !^-viilutiona |jer minute umJtr \\ii- viminA of » gim-mnr, 
Oa the rrank-dmft w k^yinl a pinitm, ge/ini^ into a spur-wlurl 
Totir i^meH its f<izp on ttip main Llium-thafl, from which ikll tlic 
other znoiiou'i !ut! trannoittf^il. 

At (he front end riisp* a wTought-imn t«wpr rarrying the lop 
f^x'ot of u crane jib, ihi.- Iciw^^r |iivM r^'*ting on ginlen fixed to 
the iTiflin fftimp, TU- I'iVpTF w an oMiqiii' mme^itod pyraniid, 
veil ex!<*ri(W at th^ brua* ftsr bolting Uj iIm* ItingituiiinaU of llie 
main frame. U la fonrnnl of the phle s\tlt% *lilTontvl with T 
iroM, and bnu»d tog^hrr w-itl» cr<«B-p1at(>s mid stjiys, Uo-tw'een 
thr pUtcft i* an opening lflrgi> enough for llie <lriver to wiUch tho 
motion of i\w huelcrt, vvv^i when ihe jib is ^tniiglit abeajh The 
top of the pynimid \a fmi^^ied y.ix]\ » roof-filjite cxtendi^d forwanls 
in front for liikint; (he lop pivot of Dio jib, nnd f^iff(<ned by a 
V-«haped Hitnlev like itmt for tlie bottom pivot; on this tabic 
Afc pUieeil nldo the gnidt^ftuUeya for the main chain. 

The jib Dfiy be Hiid to bo of t vsin conBtmction, being composed 
o£ two lidcfl whirfj are nmlcd only at the post and at the outer 
etxi or point; tietwccn tliem, therefore, is a lonfi nlot ui which 
innngA uu ami of adjustiible leni'tb. Uependinj: fnmi n fulrnim 
fijinl un tiic upper member of the jtb. At the base of the )hk^ 
u eirrular platform, on which a man ^tantis to n^gulate by maLn."! 
cif a hoiid-wherl tlic "reach" or length cf ratlius of the ami. 

The bucket-ana w made of two oak ]>lanks bolterl tiigelli»*r at 

top and bothmi si> a-*» to V^vr a Ictng fK»L ln'twrrn Ihrm^ through 

which poftw tlic miiin ehfLin. On the hwV rilgi> r>f prcIi plank IB 

a tBck, ^arirg nnth n piiiinn fixrnl itn thr fnlcrimi-sihrift on the 

top of ibr jib. Th' same Min.fl. aha carries n f^iving-fnmii! pro- 

iridetl wtlh hmr rulk-n^, whit^h fii^Hi on iron Ikir* or ninnrrs fbccd 

:d>^iig tlu- front edj?^ nf the unn m iir. to hold iT tip elaee to the 

fukrum whili* >vt nllow'mg it u» Ije n]u\^-d longitudinidlr b^' the 

TMkKoml pinion* for If^nglhcoingur i^honeninfr it; the nio^x^nicat 

b pvT» by A pltch-ctwii) wh(*e) on the outer end of the fulcrum* 
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flhuft. driven from a pinion on the hantl-whcvl Flinft, 
tuidcr l\w oontrol of tbo ^'iux'-lnian. 

The bucket t0 nuuie of ^vi'} pUti^; Itii iDouth I« f>&n^-^llipticdi, 
and lU cutting wlgp w proT<'ctf*ii bv fojr elixini- picks or teeth, 
iiliirh nrr rui^le 8fi ue Id bo oa.-nly rf^n^m^d when T^-oni, bcinjr Hmt^I 
to the lip of the bucket l>v couiitereuDk bolt^ uttd iiuis. Un \he 
top of iU*" bucket aro fixed two piatos ttronidy pu*wtcd, betvifcn 
wliiH) tlic lower cnti of tho ami te Ptrufi'd by t nir«iUf;ti-pin. Tlsp 
two top pifttort corr)' th'^ l*-:*hftpr<i ^ihp-e rixTUnl to the tbp or 
door. This ~w itsU?w\ by a »1oui bolt fixed on the outride, oppo- 
site lo the hingjeR. and k<*pt elow^l by a s'piral j'pring protected by 
d cashing- liy pulling u cc^rd ntiachcHl to tbt- Mi tht^ is witb* 
drawn out of ic^ ^ckrt »ml ihrr d^or fiilU o|)on by list oni] wei^t, 
atid lianffR vertically- When the bucket is kiwered and broi^ 
back apain to tlic bank tbc door latches iteelf automat leallT b 
elor>iii^- Tbt' bntidlf or " bale ' of Ihc bucket *wiri;p* *ni piit* liuii 
about certrally on each r^<k-; it i« «tII birched to allttvr rooio for 
thf ilirt, and i^ j^cnrfil to tbt' rtnnlrh-block by a pin aiud !*Ini|i- 

llic iiiuin liftin^-chttin pu-^t-c'T^ from \\k \^'indiiig-ttnmi ti 
p-n^hic, tbr<^ufh the tovi'cr and o\"er ll«r piilIt\\-« on tlie toj^ tlii 
tlicr buekel-;imi, nver a rfienve on the erd of Ihc jib, ttniid a 
Miutlch-block on (he hnndli? of tjie hin'krl. up in »nchther A^\ 
oi\ i\\e jib. riTjd down again to xhv MisLTcb^jkAk, obij^iniiifr, tlu' 
fon?. a treble purcbaHpc. 

'ITie ciijMU!it> of the buckel in ibe ni:iebiiv' dnpJnjiiJ ntt \ 
PanfUiui Taanl is li ca p\f. U Uikcs thrvtwiuiiritn* of a niiTui*"- 
U» lotuL Jind disi'lmt^ the burkrt ami trtuni it to iU fnrriwr po^ 
lioHH Miaiiii; fonvn.rd, Wing vmh. mA w^hiu^ for ears mar 
ivt donii jutaiiniuetioTi of iO nunuir-* jx-r lnnir, )oavinf; TiO mimil 
fur rut lit I fc, vbieb ^tvcft, wiy, GO a* the numbprof buekei-locidi^ pee 
hfnir, or »V10 |-r driy [if 10 tumr-*, Tbi' llwoirtlcal eupciehy of tU^ 
mairbtTK' i"a:i tlit-nlnre U* ^t-viintied nt 750 eu. yd* per dav. U 
jjnu'tie.fil work, howevpr, only iWD^chirtU rif Iti; theort'tiea] pfr 
clf^ticy in obtniEK^d, and it » Kufe to calciilaU* iti; output at fW nt 
yds. per day. 

Tlie workbg expenses ol this inaehhjG can be caleulatf^l 





h navvy; but a siiticu'lkiil r:uUnJ <tcpirUir€ in Hie 
t«aiij-«liovflA was lakt'ii l\v iljr^ Tlifw Aufcni-iric Slunvl 
if l>irain. i Miio, uliast' **hovd, Fl^. h-2, is diu* UJii»iiriUi?'^l 
Itirtmiwj .VrrwF, Vol, XLV, p. 200. The chScf fcfttiim oJ 
ihp tnurhinp is found in i!ie coiwtniclion of ihe ttwiiiirmc 
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booni and the method of manipublinf; the di[>iier, it«irticularly 
whti reference to the crowiting □M>iioiL The ilipper-unu 15 hitignl 
■to a earmi^ or trolley whioK alkies horiiontally ulong » tracknThj, 
forming part of the booiu stni€turvr» 'Die clipper i& forted itHo 
the nintensl to be exca^iit^d by lulvanctn^ thi.t carnner. l)jieMj>' 
shifting the point of lol^tion for i\\e dtj>|]CT> This dkluig carrbf^e 
Mof 9t««l, with ir|>1jLrrAblr friction^ jota, and h sctitzitrd by Hire 
cables a]irnitiiig nvt-r lUum-n p-^ir^l to the IwHinj i^ngiiir, Profrr 
trillion for the cabin* b* jt^urvd by ndja^tintMit at the dntni^, whicfa 
Mr- doiihli*. urn? |wrL U'injt It^'wl Ui ihf jJi»fl, llir other kwi«- inib 
HuitubU' provUlrtn for clmiipiikg to \Ue fixetl (xirlinri wlien in dr^nn! 
]WF<Uion. A throtlW-k*ver, nijiuiiMdate<i by Hu^ cntrieniati, rfnitrob 
ih'* nurteincnL of the tnilley, 31 \t\\i at each fiul of llie Iiorinintal 
strcikr cutliitg off tlie sieaiti auiornalirsdly and ob\iating any djuifpiT 
tTCtn tniflc^ness on the pnrt nf i]v (ip-nOor. 

Tint Liipj)er-nnn is of r<.*(7t»ngvilar rtii!*»*H'rriiiii and adju^^iable tts 
I0 t)>e length, iho lowr iwrtinn iple»co|un(i buo llie upper and 
bebiR held in place by a Ix'k whif?h rnpp's ihi- rii*th of a rack 
attacbcil lo the lo^-er nheEikl>^r. T\\»* lock U r^lninnl in po«jtioQ 
b>' a f*|>ring and ie apemUd by niL'Ui* of ft Wwr con\'onieiit!y 
scccftniblc Cmm ttic cmnomAn'ifi plotfomi. The lock Mii|: rrlefuvd, 
the It-'TiKth of umi ran be udjurtCil by moving Uie trolley back or 
fonronl us Jmrr^d, 

TIk-' combination of t^ie Ijooid with the trolley truckvi-ay is 
claimed to aflord a wry siifT con bI ruction, the *jlipht cleamncc 
r«i[uired for the wjificr end of dippcr-nrni enabling the rigid erom 
connection of thr Kn wdeft at frequent intcrvnia The boom 
l^inler i* icinforcfil )*>■ Z bare, vhieh form a euidc for the dipper- 
hnndle. ihcr^'by gn-atly incrca^inp Uic Utcral ricMiily in operation. 

Tlir- boi>m Jrt *iwiK:mlcd froni, the A-fnma^ hrnd by yvm guy, 
caiiW- A fiinkr departure from p'ncndly ftcceptc^l method* 
i}^ found in ihe u<r of wire cabk-j* iiifttcml of chnine for tlic hoisting 
nnd *Aiti#;nig mution*. With !*ln'avt*H of i>n»|ier diAiiif-UT it is* 
clsinH^l llnit mosi «ilirfaclor>' results are wcured, the docnsBK in 
frit'tioTi and in llie wri^hl of np'r.atiii^ parts UiuK "f con-Vidt'rabte 
]ini>ortance. AddiricmM ^dviinUgejt \slijch un; cblnienl urc 
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nobdeasnraa of operation ami the It^awniiig of u:ir>ix'clod brcaka^p 
wir^ cable in aJiikost f\'cry instaita^ gi^ifig awi]>lr wTirning of 
failure by iXa exterior appearance. 

Iti v^eral constroctioa the exca\ator ift of ihr A-fmiiir lyix-, 
wilh intlepenilent revcraijig-enpnea for the lunAliiij^, swinging, 
ATiil erotttllng tuotjona. rarliciiUv atl^nlioii htui l>cen iviiil Id tln^ 
(L^)^k of the car bwly. ewpvially willi n^fen'tici* in tJi*- rij5iil eon- 
nec-tion of iSe frunt jxirtion vi ihe rar frame, whieh enrriiv llie^ 
lunttAblr. b<H>iii. A fnimr, aiiH jark-^tay*, and which iiiiwt with- 
t^aiHi the sevfTt-s*! Hlraiu:« nf nfHTalioTi. 

The pmctk-al vjilur of Jhi»* new sleam-shovel ha* Itwri fully 
(Wnoitelr&t^l not only jii ihe t'?ceavatr>r just descriheU, laiT aW 
m Hiiglt*-trurk ^hmrln **f utiinllrr nipfl^iiy. of whi<^h a larpe number 
are noil- in u*»' for liautJEiK »re. tini^t^tfiTnv ami fuel in bhi*Ni-fiintaw*- 
yardx, luid on ttie docks at Ijike Krie ports, a» well lu' in placer 
mining mwl (seneral excavaiinj; work, 

"The eleani-fihowl, or [mvvy/' Mr Uiiaton aayn, ''excavates 
ami df^liverp into vaifoiiE any material capal)le of bein^ cut, mich 
aa Band, gravel, oholk, nud oltiys of n]\ kmdF, di^^cmir mit with equal 
fafilttjr the honleffl aihI lout-bost, ^ueli ar n^iuirc i>ladlmg when 
worked bj- bamL It can uIpij lical witli ihtTw materials when 
thickly inlCTHpcrawi i^nth sioiiee aiid heavy boulders; and with4iut 
being unduly atmlned it cuts throU|i:h H-nnxA of Ihnt, ^hale. plate, 
or cxTii aftD'l^oa«, uhicb may interact the face of the excavation 
it U at work u)>on/' 

Tl>e cuttiu^ (tisc of the bucket is r^evnr at a hH^chf grraler 
than 14 ft. frim lire ground, but the i^icjuil frlinvrl m»y cut fareft 
of mufb fcrejitcT heights becatiiw it umleimuieA ihi< IttiuV, thua 
couxinK the fail of the upper part, which then may I** enn\y hiki^u 
U|i hy live biirket : av (lie fall of tfae upper jtart of the bank may 
br nbtainevl t>y workmen WKirkiii^ with levi^ns aiul erowhai^, itiul 
wbeutbtf earth Unl the fiiot of rWliHi^k it ean be pieked uphy th« 
bucket. Consi'(;iieul ly ihf machine nin eut bankx of 20 and 25 ft, 
atrde^'eu giv»t<'t iMighl*, lhi^, Imwi^vrr, I'hiefly depending upon llie 
toocenefls of thi> *c>ih 

The Kteam-4thi)%«l mils itA emu way nnd Is a very valuabk^ 
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mflcbine in ciitting for eingle-irack rowiB wlitn bolh wtlcft may bt 
rcjicheil on a single advance, Jie efticiercy, t\s iu (he ciiniiniiou.^ 
iijuliggf rs, depends mainly U|>oii lie ananp'tneiil i>f the lmii»i;Kirtv 
tifin «-r\ice; il is greater vrhcn Ivti tracks can W imivided, otioon 
piich skit, iu order to ha\T alKn>'5 rrapty care chj Iiand and resily lo 
1# frlW, Bui it also ciocs very efficient work in excavalin^ brpe 
irenehe^; llieii ibtr Inmr^iKirlatinn will be done by oiw trac^ 
will be wwn in a Mictvrtling chuptrr. 

In regard lo Ihe ellieieticy of llie steam-shovel Mr. A, 
Robinson, in the March, 1903» number of ihe Engineering Maga-^ 
tifif, describing a sle«Tn-«h("V(»I of his own design and built by the 
Bucyms Company of Milwaukee. \Ms.^ says: "ITid eteam-shovel 
lian^lles n dipper of SJ eu. yds. eapucity four fimes a minute, fto 
tlmt in a good bank when it can fill iiK dip|x?r the rato of work 
is 14 cu, yds. per iiunuto. It can in^^k^ a cut 55 ft. wide and 
dump lt0 load IC ft abfiNT tS'* rail. It i? worke<l by a crew of 
three mon on the machine ami two lu fiv'c laborers iu the pit, 
luid the coal eomtimptioti is about \\ tone per 10 houTH. This 
shovel liaa a reconl of iiS80 cu- v^LSh of gravel loaded en care in 
12 houn* and 45,000 cu. y^is. in 9 da)-^, 

To njake the gi-cat capacity of this shovel available it la rwc»- 
«iry \o provide axj wr^nee of large capacity and as nearly coo- 
lirnioiiH as possible. Trains of twnity-fivc ears, each holding 
lui'iLiy or uiore cubic yatdSf rnd hnulcd by powerful locomotive, 
were u§ih1 Rod f^rxed past the shovel on a thniu^h tracks and 
as snnm as one wn« louilcd itx pince wnK taktm by a srcoAd 
train - 

From thiH it ejm Im« dp<hiciv) that nntwinivLuiiling tlH marhinp 
was working iimlcr fht* imwt fjivorabli* cipmlitions^ j'rt thf* maxi- 
Diuni workina; capiieity wns ftnly half nf Its t<'<"hairal cfRc-icncy, 
and conJ'equeiitly in tinier to In- <m ibc safe siih* it ii* necracsary 
to eonsider the u-t^rk of the injicldni? at om*-half of it4 iPchiiical 
^ffififnev. Hc?:i<le*=, \\v* \mrkinp capacity chli^fly d^pi^nd* upon 
tlienrraiiffempntof lhclr!ii(invhi(-JiHivh:nihnffawaylU''exciiva(cd 
nmterioU. and in ftict it will bo iisolca* to liave n ]»ow^-rful uid 
expwiMVc machine of larjn-- ciipnciiy when it nni*t rwnain i-Ue 
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of thi? LitDc w&ititig for the cai^ to haui away the excavutotL 
Vift\rnaJ^. 

Lttid-dml^ts. — TliE second class of iiitprmiUf'nt excavaUDi; 
mvhuwe cotDprise« all those wliich dig dowoWHrd, the ^Kcavalor 
lUadi&g tm ibe top of the baiik bring excavai^. The metcliine 
ctnisla ^sentially oi a derrick or eraoe from v-'Iiich the bucket 
k Mpetided aiKl raised or lowered in the usuaJ umiincr. T^ux 
hxtol u pro\-ldcd laith an iiminjren^fnt by whit^h U can }>e c]o»< iL 
(^ncd al will. In opt^r-uidn tt in lowered oitcu f4> the ^oniiit, 
nrfaidi U :diik^ bv 11^ im'ii nci^ht; U U Oieji cJo^d, lliu:: 
Snttta; a quantity erf earth. nu,-wril, and ewxnxg over the car, 
"Wo which th*" inaliTial is liirit'linripvi hy ofjMiin^ th** bucket, 
^riiors of tills *ort aie ^ucccsafully employed in cxcavaling 
f"!* where tlie tnateml has to be Iofl<IeJ into cars Btandhig on 
^ turfaoe of Ihe ground, 

Ktcavati^r-hufrki'lfl ^re oRUaJly either clani-^hcll or oraiige-peel 
^^ki^d. Ttif (rninicr--|)eel bucket, Kig^ 53, [tuUnteil anJ built 





Kio. fi3. 

*^ liw* Ha%"ft'ard Company of New York, oonaista of four eurs^ed 

"'^Jttiibr b];idi*s and when closed krnu? a tight henaspJicrical 

'^^^^tacle, contninine the earth iir other cxcavate<l maleTial. 

" flen open the hhdes rc^inhlc sharp 3padc? which are so ad- 

P^Wfli that llic n^axinium digging effect i? produced with but a 

"Affltl tra4lency tu lift tht^ bucket vrlien dmiiic- HorixonUil utiuh 

u^ mvttti to the hbdn, nml Uieir Inner iiid» /ire attaeheil to a 

**itti»i hAoek, while the outer one* are hingc^l to %Trlif^fd con- 
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nectinfE^rocb, pirotiKl at their up|>er ends to the upper center 
blonk. The povcr wtm-J for cloBiug the bucket '%» fastened to 
the Ei>wer central block* and is somewhat occpntric in ^hdpc, m 
that it gi\fe its nmximuED power juat 9b t)i« tnicket txyiru< U> 
rJow. The huckel is well braced. an<i the ahaJt b exU^ndftl on 
either 8ide to recejw the csmie, to which arc attached tlje tiro 
fKwer chalhfl 0U^)ended from pullc)'fl and carried eitJier by ihr 
Uhiiii cif a, derrick or t>>" the ropcwaj'a of lioisting aod coavejriuj: ma- 
rliiiira* Hiid guided liy the two dninm of tlic engiike. The at^ninty 
<f( iht'. buckt't varies from } to I cu. yd., accordiog to iitf. dinwo- 
taons. Id buc-kela of 1 eu. jd. mpaicitir th« dUmetfir is 5 ft. 
7 iris,, ajid the whiile bucket is 7 ft. 3 ins. ht^, Wheu opea tl ia 
^ ft. 5 iiiH. in itiaineler and 8 ft. -I ins. high. 

The other form of bucket»i u^^il with intf'muttrnt. ^xcavatbf 
maciunes Is the dani-sh?!!. which Inki^^ iU t^auw* ium\ iIh similnritv 



to the aiheU of a clam, m indir-nK^ iu Fig. 54. THf* rlam-didt 





buckf't in cfln^pfWHl d two ht^vI «coo[>s hiii^j tf^tlKU- w Uiat by 
iTicfini* of ("Imiii!* thry f:in> bt* ;»jh-iil»i1 or I'lirwd jit. ih*? will of |he 
(■ngint^r. Tin* biirket <-xcjivate^ iit tlie Aameuuumi-rMjtthroratiip- 
TliL- dniEi-^heil or grabbing liueket. as ii i« mijr^ properly 
called, hiu tl:e edges of the Kotjph vhich vonw m eontjwt mxh 
the earth arranged in tlifTrrent wax*w, Hccordin^ to the maleria) 
inio which it bs^ to work. The L>dge6 are made pl&hi \t')u>ti tlie 



EaUTU KtCATATIOK: lECTfUUItTTEVT t)l001N(MblA<:lllXK£l. 1^1 

marltinr liw to ^ic&vate very loone soil, u quickE&D(L mud, He, 
F<w clay h grab wilh ^uuvn betUiH*ii the lin*^ ip nWI suitable; 
ftiT hani, Kkiiilj' iikat«rinl a gr»ij with inli*rlorkiiig liiir-?^, »pI rlrvc 
UifCi*lhrr, iif n<r^«:Ftiiry; and for gTAVrl un'l mrk an of]rri*cirii*4l 
grah 14 iiw-il v>lH'Wti by Figs. .^. 

TliFVP uiteniiittjtit nLarhincw can Uv »]K'ml<Hl l]>- oar or two 
dniitf. l\TK*n providrt:! with nnly oiu* chttui thp prnl> iiiii*i 
pr€<?*t>mly U* litUi) with luMttinrtJil Wvr^ ahA vMchi^Jt, which titt 




uitficat« ^itirkinc port.-* ^riiK n bucket or gjab which is corist^intly 
ID molifMi mu\ t])U4 <'AiiiKit n^eivr proptr atl^'iitinn from the 
drivTT b lui^riaitirjin, etc. IWkir:^. with the ^ncle chnin the 
burlcH muwt Jn' mL^ed U> & nTtmn h^nght t<j In? (ii^chIirg^»ll, while 
witb ihr ilotihlr; chitiii th«' Imckct cmi lir< n|M''nnl iind Hasr^I iii 
Any poMlJfW. It U <>fl<"n riprrwsnry t*i h<ii?*l tW grab over some 
jimii<rU»vi iUti} liTwr-r It ii^mii iK^foti' ilisrharghigT ultii-h rmi only 
he ilmie by inauis <if twit diiuiiM. For the above reHi^criiK tbe 

liJe-ehftin wsiPin w jilwjiyx |irefj'niJ>lp- 

InMTiiitteflit (tl^inic-rniii-liiFK-ft jin^vuleil wi(h grabbiiig-huckeU 
am more usually einjjlo^'ecl m drt'd^itiK t!ian in earth exoAvalion 
rtn Iwi(i- npn>, however, they are beginning to appear and, pcrhape, 
will be extensively uaed when boiler known and Appreciated by 
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«QgbMn nnf) contra<*ton9. In cri^pj^ in whirli thf^ mnchlno mu^ 
'^TiiJiin oil t"p f»f tho cinbankitipnl lo U' WJiiovod, uiU the ^x- 
eaviH(il rnutciijiis hauletl tiy th*> (iviin[.>ing pliicos on roa-ls Iiiki 
ntthclowlof the topof Ihoonibankment, Ihofli' maehineeore vory 
cffioicnt luni f-an be ndvantajsoously cmplo>"cd, Another frrcat 
advauti^c b tlidr iibUity U* exc^vat*? from 20 to 30 ft., and even 
dwptr, by Hmply vlongaliiig the hou^ting-ropes, an atl>'anta|^ 
which l** fif>t ]jos3Pasp(l by any otlicr machimr- 

Tht«e (lo;\ii-(1'igglng iiitt-rinitlcut EiHirhiin'S |inwid(fl with 
grabbing-buckeu are gpntTaliy moimipd on a pUiUnmi car nil*' 
ning on tracka On the rear cud of tk' platfomi i* located 
the bollCT, which IB usually of th^ vrrtkal Ia^jx-^ ivnd ofT<^n the 
b(>iier is acconipaiiiei,! by a wTovipht-iron wal<:i*-Tark The i^ngins 
ojXTulinp the bucket has two I'vlimiers etroDply fixtNl lo f^st-iron 
side frames, whirU work the liftin^-'lruni ^vithout (R'aringn and 
are de«]j^ed for wcrkinc the ^If^irlui^ biickrt and ^anb at a 
prat speed, top^Lher with all nr(.'r.'siriari,- working imitje, includttig 
liftinCt lowciinfj, and tuniiiig K^ar, Ptc, The jib or boom can bo 
ma^le cilticr i>f wo<mI or steel, nnd its bwcr end etajids in tlic center 
of a lurntiible ur bull-wheel attached so that it e^u turn aroimd a 
pivot center. Ttie iipi>er end of tlic booDi i* commnndcd by 
means of Ihe roil* to tlie A fiame placed at the front of the plat- 
form car. From the top uf ihe Ijoom ie siL'pendcd the gmbbin^ 
bucket^ whose varioiis oiovemcnts are regidaled by the engineer. 

The ef!ieieiicy of thes? machinen varies with the difTerenl 
kitidjt of *oil anil the wipat^ity nf ihe buekelJ*. Thr- Prrt'^lnon 
Brolhen^, Ltd., of 1/nidmi, in thrir caiaingm* give tlio folhnritiic 
HgiirrM ax the npprr>xinmlo qiuintilit-H of iiinU*rm1 mii> uinn will 
mW (bv stf^ain) jxt dav nf ten hours nl an avera^ ilepth of 
30 ft.; ' 
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CHAPTER XI. 

UETH0D3 OF HAULING EXCAVATED MATERIALS ON LEVEL 

KOADS. 

Under the general name of hauling ia included the transpor- 
tation of excavated materials from the cuts and borrow-pits to 
the various fiUs or spoil-banks. Such transportation can be accom- 
plished in so many different ways that it would be almost impos- 
sible to pve a full description of them all. For sake of con\-e- 
nience, however, and in order to facilitate the review of the most 
important means of transportation at the disposal of engineers 
anci contractors, hauling will be considered here under four head- 
ings, according to the roads along which the materials are hauied: 

(1) When the earth is hauled on horizontal roads or roads 
having only a small gradient. 

(2) W\\eii the roads are ver>' steep, and consequently the 
omterials must be hauled along inclines. 

(3) \Mien the materials ore hauled in a vertical direction or 
hoisted. 

(4) When the materials, instead of being transported on ronds 
laid on the ground-surface, are hauled on roads suspendetl in the 
air. 

For each one of these groups there is a large variety of means 
of hauling, whose convenience will depend upon many circum- 
stances, but chiefly upon the quantity of material to bo traiis- 
portetl and the peculiar conditions of the work. Tliese clernonls 
should be accurately determined by the engineer and contractor, 
so as to choose the most efficient moans of hauling in tiic particu- 
lar case with which they have to deal. It is only by doing this 
that the work can be performed with the greatest economy. 
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f%p<>aking of the hauUng of ticcBvated DoaterialTi in n ^nmt 
WRV, ii is mTOHfian' lo nrmark That Oie ciinli? when wmowd fim 
Ihi'ir niiMinil Ix^i* incwa^' in volume ajid €*>nat>mioiiUy xhv <(U;ih- 
tity of cnrth hiLUloc) will b^ g^AUnr than U foun<l from mi*ei!tiinn)t 
the out. Ttiin ill ^11 tmponant itrm to be rememlien^d, brcaQK 
k i« litvblc to k(u! to jjrvtit ^liwp|K)intnicnl, CFpc^rially wjicn, 
accauDt of i*o[iipi>tition. Uu^ bidit for the wcrk aro |>rep«retJ nil 
oiily a \t;i7' narrow inarffiii, 'II10 writer thlnke tluit the srrellii 
of cjirth nftor Ixii^c ^luj: ts ilircrlly proportional to tJio co!icq( 
of thp Tiint<"ri;Ut ami 4.'onK''iu<'nlly ihc more compact the &0A fi 
the greater ia the increaae of voluimr, Trauluine «iy» that dsj 
when (iug iiiuJ lci<>A^Iv thnmTi <»ut -iw(*llft about oite-fifth pffirt. 10' 
Ihut a cubic yunk in plhL-o iiN^^niiceA about 1^ or \J2 cubic yanlfi 
when (Iu|e; or 1 cu. yd. duj; id r<iutt] txj { or to 0,8333 of a ruijic 
yanl in i>Uc^. Rock increascF* in volume from 25 |>*t c^nt. 
the caw of small or mcilium frapnicut* and road inctalUnf; fn i>0 
70 per cent, in lar^c fragments carelcMly piled. 

!n nmny public work* the quantitv of earth hauled away j 
caleulated by counting the carls and wagon^ whiise eaimc-iiy li 
Ijeeii pifv'ioialy measured. Thu* fooli&h nmunw <jf nw-ufMinj 
€<arth or^nated the ini?<tfiken tirlief so common Among eiigii! 
nnd eontnw'tf»r< hi thifl country tlwt curth vhr-n placr*! \i\ en^ 
banknH'nli^ will wlitirk from thr rolnnif^ ineaMiivd in Ihe pit. 
Courting the wji^oriH fur nu-HMirin^c Mil* hnnli^l r-nrth K hotvrver, 
very mnv(»nt<»iit tn Uii- coni rietjin*, ll n-*|nin'* tln^ e-onlinuouB 
pn-w^nrr nf a n"|in"-Ni'iil!iti\p of titw. of thi^ lonfnu'ling jmrl^'N and 
efin^Hliuntly :l romphcHUon in the CHkahilioiiw mid pn.^ter 
rxpciM*, It h uj^etl ordy on eity or slnie woi^a wherf itic <vd- 
tractiTig purty does ntrl F«ek r<»r ec^onoiiiieal rovk, but to ^ve 
employment to aa many poUltcal friends as possible. 



HArUKQ ON HtlRIEOKTAL OH SBAIILV lirWI/OVTAL KOAl>a. 

Thi? t'liAieftt wuy of rfrnovit:^;: <*xcavAled miile-njde b by hniili 
thi^ni along oixlinary t(»:hU w)iit:li Jirv h(in£iMd;d or liave liiily 
«u:d! gridient, Tliis is jarrforraed A^itii different devices or ij 
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ftnenU «tiOAe ik^rnpLiuti nil] form {\w siilijf^-l i»f th^ prtwnt 
i\>ivT^ Kach of tlir dcscribevl moa:i& of hjiuliiijj: i.t w:Ty dfi- 
utrtit, but ihey cannot be used iiuliacrLmiiiAt^rly, Iii i^arh par^ 
ticuUr cuse tbe rngjiwrr haft lo deal YiMU t!ifre U :iiwrtv», iirciin]- 
'm^ to Uie difllaui:^. one lucaos of lauling wtiidi l^ itiorv- con* 
*viitat titan uiy otivrr It is for the puipotit* of ileU-nnmiiig 
tfv jDoet CDfiwiiipnt niie-aii:« of hnuling in e-acli cii«^ timt tltb 
ilnrriptinn hiu^ bpr-n ■ai|tplifi) intli hihW wliicb wn Lie eiKHJly 
cbii0*ii 3u'r^:in1ing \n \hr 'lwt» varjirig with ibt' IctrAJitifts. The 
ttlmbituwi ti3M \prn 1.iiM-«l <in (In- pripi*^ in Un- 4^ity wf Ni'W York» 
^luTi- tlii' WHpi* an* biffljiT (Iriti ."iiiywIij'TT i'!w. 

In linuling itkiti*h:i!s fin nniimiry nrntU it U nrcc«j^r>' to 
^ mtn con^blc^nitlfii i)m* griflo of ilie rrxul, ThiiK. if th& road 
V l¥>ri£4]iit;i] <»r ilfr^o^mUng, it m lu Ui>rixoiit>kl pmJ4x<liun lliEit is 
toialeieil aa (lie rewl ilUtarico; but if ilje rrjjul hiia an :iii(^oniiing 
gnde, tbe dktaiice or lungih of the \mu\ is given by llie foruiuLu 

■lien £ b tlll^ horiiontut projection of tlie rood, And a n coellicic-zit 
^>n"tng with lUt* gnwle ami vriih the mean^ of tninnporlailon a* 
f<>Ilo^Tt; 

\Vlii*ii tlup hauling b iloiipi by nie«D« of wheelbarrows, carlo, 
or wftfc^iS 

j-1, 2. 3. 4, 5, 6, 7. 8, 



and 



% 10%. 
^. 100%; 



ii-fi, II. IS. 25. 33, 43, 54, 67 
ftnU when b\' can running on tracks 

ff-1, 2, 3, 4, 5. G. 7, 8, 10, 12, U, tft, 20%; 

«-3. S, 13, 18, 23, 31, 38. 5(3, 86. IM, 124. 150, 1^0%. 

In practical wrjrk anJ for nm^b eiileuktioD U I* iwiinlly Rjt- 

^■■BDOil thftt thi* hatitliLg ai tlx* mau*nji|H ilcne by iiiejin^ of ;Tlii*f-l- 

Qbrt>w<3an roaile kiviii^ a prade v;tri'ing froni 1 to >i per eot^i. is 

niftL'-l^nlh* nf what it will be if done on borisontal roadf. ami 
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wUh carta and waffons Imuled hy lionto* nj\ gwxl roads < 
iyiriu^ inclination as above eiKljl-tonih'*, WVn the b&uliiig ig done 
on npwly openiK! roails, wilbout uny ronii-bed or [>avin(jf nnd 
Willi an inclination not creator Ihnn 7 i)er ceiiu, ihm oHicientT 
nf the hftulinff ia only eight-t«utUa of v}iat k will Ix' If done on 
horiaontal ioa<U 

For sake of eimpUcily anJ to facilitate (lie review of the vnrioua 
meaiiP of hauling niaierifll^ on horiaontfli roads, Uif'v will be 
tlividod in itgard to the motive po^-cr emplo>'cd and t^upcxi od 
JoUovra: 



Mnlrrfnlii 



Aclrnfll 



PnWKF- 



Man, 



Hiuirl-curt*. 



IDtm mid whwl trtnpet*. 
Carta and wLipitiid. 
Cam on itamjw-i:jiu(tv Irof'k* 



I 



{ 



* Can on naffoV'Snup* im^-ka 



ft 



Wheclbtrrow, - The o!d*>ftt niv\ TV ftitaplcflt nn^nn? of hauling 
email cjuantities oi i::irtb to a short dislAEKT 19 b>' whwlbarmws, 
This implement conaislfl of a wooden box rc^tirg on a frame niade 
of twf> inclinrd Iipujils i'on\'*Tginf: :\1 tlir fnmt :ind having hrtwT-en 
their forwiml ends ji Pnmll wliT-el. .At llir rvnr rju] uf iIkt Ixac 
ihrif ttrf twi) shi»rt i<"g?f rt<i that the biirrtiw vht-n nt it-fll wiH 
iitttnd <m t,h*5<' Ibivt snpi>ortf, Tlie diverging lie^unft end in Uw 
shniie iif hntulW- Tliere aif harroipV? of il ff<-T-etil pfiHenift rm 
the iimrltot^ nnA tlie Ix-sl i> tiir or»c in wliirh the dihtAncf' ajuirt 
iti tlie center of gravity of llif h>rtd and the wlw.tl-axle is the snmlWt 
|>0!43ible^ It would 1>* al«o ronvmiiTit to have iW wlii*fl of hir^ 
rndius» but Tfuch a fnnstriK'iimi wi>iild inerryM' thr x^righl of li^ 
barrow anti it i« thus* iulvi?«»iiV' to inake lijr niilMisi nf the wheel 
bctwe**n 15^ and \^ iu* ni«* li**^ if* arninp^l in *iieli a tray as 
to have iIji' loud Ji» near Ji» pimhle tn tlu' frxinl whi-f^l when in 
motion- The unl<»arlin(t oi ilie niateriad horn \vheell;»rrowi* is 
i'lU^ily ilonc, Wlien the dumping placp Im.* be<m PtticbetlT the 
!nb<^n*r raises up the hamUf*8 ihh as to throw the weiuhl on tho 
frc^nl wIm^I, tiien with one hand lie ptiEhe^ ii<jfvm one of the htndiof, 
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Bile he Tais^ up the oihir tiAnOle, thus causing the barrovr to 
Aiul itnlOid \i£ cont^iitR. 




T:5?53?F"?^ra5?wct 



Ftt- M n^presenU the wlirclhanow usfxl in Gcrmarjy iif 3 cu. 
"t- cnpacily. Tlie bax is Bhcrvc the handle:^, ami tbt miIts Ann- 
''Vit fiom tlic tH>tt<mi. Fig. 57 tfprcscnls the ordimiry Ainrrican 
*^HrrIlwm>w, in wtiidi Ihc \yox is flat likn a tray, tlie ilinmeter 
'^^ ihff wlicel i» 17 ins., anil thi' capacity vari*'» from 3 lo .'j cu. fi. 




Flu. ^. 



TFhwlharroi\"« tin* al*o cor&tnirt*^ with the* tray of iron, nnd 
'^lie™ are riL-uic ^nriwly of iix^ii. but ihcir great coet is a scrioua 
"ftlaclp to ihoiremplornicnt in pub!i(j works where thcec vchiclfs 
ily liamlkd. When they src niailr^ of wooti they cfin (>? 
rfT>ain>l by any ordiuoty caipcnlcr, hut whcii inaiJc of 




13S 



CAKTH AXD HC>CR EZCAVATIOK. 




bon Ihe rppairlnf i*^ moiv expensive, the wn*ioe& of ft skilltt:^ 
mechanic beinp then required- 

Miniy in»provvtnentw liavo boon lately made to wh^olbarrow^a 
which ftiv coveivd by paU^nts; for inwlancc. the Allien I'prin^a? 
baiTow, built by C. W. Hunt Company of Ni.*w Vork, illiJsiriUv^ 
in Fig. 68. This? biurow \s ]}T<>yithii witli springe under ttie t«u~^ 




ingfi of the whppi, so that it \& much ifa^ier to handlF> mid nin^ 
(rtpf im^K^Jhifili'-* wlthnut vuilrnt flh<»rk!« ii" rillrr tho ivurkmaiv- 
nr Ihi" himl. Tlii^y nw. h\ii]i of difTrivnL mIm'Si, wiih a capacity^ 
vnrymjc fniin JtJ to R cii, fl- Tliey aw i|Uitt! <TX|)t*n8ivie, their* 
liricp lieiri^ fKini $l."i,.'iO to $20, 

Tie cost of hnnliTi^ a unit of voUune of oarlh by mi^Ans of wheel- 
barrow's dep(^iids upon the distanc*?. A^^uioinj; lliat u man vritK 
a lood can travel !0 nnle« a daj , he will cany loads onK Imlf i>f 
tills distance, the ollu^r lialf lv»in^ employed in illuming wilh 
the empiy borrow. \{ U *^vulcnt that the shorter tho diistattcv 
the grealor vnll bo the nunibtT of (rip* he can mak^, carr>'inK t'^^ch 
time 3 eu. ft. of ranh; nnd siin-o thr cost of hauling is ^ix-en by 
the wage of tin* bbort^r, Uh* gn':U(*r tlu^ quantity of earth earned 
in a day ihi* Hniall^r will \x\ tho co*i <*f Itiiulin^ per unit of volume. 
Thi^ followiiij: tiilili" pKx'S iho imndx^r tif tri^e j»n<l the quantity 
of maioriid carricnl hy a Inbiimr wixh ^vhwUmrrow, at ^mriout 
dii*taiicye, aUn tlie ooet of rbe work \ior ouhid yanl. These fijEUM 
have beeti de<1ucftd by consldorinp a day's work aa ID hours iuxl 
llie waiso of tlic laborer, 91 JA) per day. 

P^om Ihi** lahlc it if< clearly seen that wliei^b^urova are very 
eonvf^niont for email di^Htaiices, but that thia umnnfT of b&uluig 
becomes too expen^vo for distances of 300 ft. or more. 
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Huid-CAfts. — It 15 desirable to incr^oae the capacity* of Lhe 

^bde vnih the incrr&sin^ of the distance of transportAtion of 

tJv rxcavaUxl materials. Tliis is uaiially done by nteaitM of 

^'i-cartSfc which arc email carta ha\nng a capacity vaj>iing fium 

' to 10 PU. ft, They are rcinipiimAi <if a w<xnl*'n franip fixei! Lo a 

Puktffirm of lhe Mime Tnat^rial anil fiurrtuiEKJed by boards riiriniiig 

"ic linx futd rwtling on a «ing}e fiair of wheels 3 or 4 ft. in diitnifier, 

^ rtiDtintiitUin of the frame, at the center of the front of the box 

"l^Tp If) A sh»ft n1>f>ut 5 ft. lonif ending wiih a eross-piece. 'T\\o 

^'"t is moved by two men who place tiieriseJvea beliind thi.-* oroMw* 

PV?«e jtnd pusfc. To dump tJie eart the men turn ho aM to hit"' the 

^^Bf of the can onilie eii^of the dump, th<'ii th<*y hvm>vf ih*' n*»r 

*"%ftl of the bos and raiw? tip the shaft ; Ific hov tuniinic over the 

^tie of die wJieeJt tiikc? on inclined ptwition, and thi* i*xaivafcd 

'vfh it contained falls to the proun<i- Handni'^rts anr very 

RXnmooly employed in Germany, but vcPf* ^Idoni if I'jver in this 

ccwtty or in Ki^Izind, 

Tlie <»rt of hauling earth by meanfl of hand-cart^ U gi^Tn by 
tie W3gG8 of ih-' two lalvinr.^. It varies with the liisfanfe the 
ejccavftt^d mjitcriuLi Ii.ut to h- t^ln^pcJ^l^'d. 'i*hc following 
tabic itKbcMes the co«t nf hauling rarth ut various distJUictA by 
niejuid of A haml-eftrt of S eu. ft. capacity, Iiauh^i by two mm ni 
$1.50 ijej day and traveling with load 12 miles per Any of 10 
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Drag &crap«rs, — Another means of hauling away earth which 
ha» been aJrta^ly n-ntoveU front it^ natural poaition '\a by tlmg 
Hcrajient (Fig».o9-61), These coo^bt of a box matli* up af nniiiiiili 
fthevi at**! opeo on tlie fmnl. where it Is providetl wilh a »)iari» 
cutting edge. Near the front and pivoted to the two aides of (he 
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box then> i# a (rto^l bail in the »hApc of \\n invcrt«il V, furaUhod 
with an oye in Ihvi ceiitpr In which lht» horst's luv hUelied. At U* 
rear end the box m provided with two wooden handl<« for the 
filling and dumping the 3cr:i|nT. I'jich dnig fl£'n4J<r requires a 
team of two horses, with a driver who op<^ral«« the MTa.\t€T. Tb 
fill the b<»x the driver rai^^ up the hAndlctt to a fliT^aJ) angle 80 that 
the nttting pdp; jjcnrtrjjtt*)' thi' nirih, ami the iwoop fa filled with 
the dirt wh3c thr hoiTv» luv utoving. [|ir then dro|ir* thf ttaiuUefi, 
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and tbc loftclcxl woop is dragged nluii^ ttic ^:rouii(i. When Uic 
duinpiug |ilac*' ti&js been rcjic.lMrd lh*r «|K*ralor rtti^^^ up \hr lijuidli-8 
luiii! ihi* front edpe I'nga^.^ tlit- noil, jjkI Uit* s»m)tp|» rotaien urvjurid 
the pivots of the bait and the k^sw! fsJU <'titn ih*- gMnnid, 

Thp two ]Mirtji of tilt' s^riipt^r aufjjectwl to pi^j*t upar an* the- 
bottom ju)d tho whsiq) ^'dgir- TIk' l)cUom of iUc *4<?rMjtfT fs^iti't'isdly^ 
being drngg^'d oo Ih*.^ ground, i* vm soon worn out, tun] f o fUTvent 
this it i* reinforced rith(T by niJincr* plnctnl lonj^itud'midly, uh 
Indicutoil in Ki(e. 59. or by aTi cxlrfi Hut steel bottoni, ujj shrjwti in 
Figi' GO, which may be rcjuovcd nnd chanircd when worn, Thu 
cutting edge, cspceially when working through gravel, hard-pivn^ 
etc., b alao noaiiy ruined, und it vs better to ha^'C it made inter- 
diangcablc. 

Tlw Gopacily of ([rag scrnpers varied from 4i to 5) cu. ft. 
Thc>' are vwy efficient to the excavation of earth not deeper 
than 21 m 3 fl. mid whrr\* {hi* maU'unU hnvr U* hr htuded to ft 
diMjuirr not g;nNil'*r th^tit 2(K) ft. 

T>nig «r-ni|K»n» nm hv etinsidcml n* *eH-lcwuImg «nd dumping 
wliirW, ujid tbpy fin> Li»ed in h^kuUiig »wiiy inat^ri^l^ whieh have 
bMon Imikini up hy nirtm)! nf n |il<iw It lk in c'i»rin<Tliiin with 
plowx luid for «hort liuuU that th''^^.- nK-HJiJ9 of tran«|)ortalioii ar^ 
moet ^oient. 

The? e<wt of hauling hy meanrt of drag scmpem w f^a^ily caleu- 
Utod ; it depends uptm the distatioe of the hnul. Tlie only expcnacs 
are the hiring of the te;i-ni ionl the wfi^e of the ^Iriver, the interest 
of the ejif»tiJ Invested in the scraper, as well a^it'^; sinking fund, being 
liHt ntnAll to be Uikeu into coit.HtilrrMtion. Tike cikst of hiring the 
li?uii i.-iidHiiil (Ti, whih" thi- dnyi*r }Cf U.^l.oOfl. iby, s<i tlint fhr li>ud 
rT|v-n.'«9t will lunoutit La Sfl-'rO ;>t*r ilay. Sinet? Uit- drlvi^r rniud* 
uralk continmnisly, it i« rnii«iiirn*(| ihut th** horw*.^ will drive 15 
milof. The m|iaf'ily of thr wnifM^r being im ihe av'enigi.' 5 eii, ft,, 
the numb^^^ of trifR-, ineluding jdsto tho n»iunj for hmdiiig, and Ihe 
cc«t per unit volume are given in the lollou-ing tj^blc: 
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Wheeled Scrapers. ^W[i**led scTtipprs are iDore conv<»m^ni 
than *lr:Lg scrapers lor conveying njiilerial^. Theso consUt of n 
box or pan lumie of one piece of slieet tleel bent without hoailn^. 
Their dtmenflions are 3x3 ft.X!5 ins, deep, and wh^n full contain 
from i to 1 cu. yd. The box, as in the lira^ scraper^ is open in froril 
and can be riiisecl and lowereil. and also revolved around a horisoiitol 
axis by means of a levep. The wheels are 36 ins. in rlianieter and 
are pro\'idocl with broad tires to prevent thctn frooi sinkinj; into 
the loo3(? earth. 

To fill the box while the horsca arc moving ami drag^ng tJie 
macliine forward the driver pulls up the lever, and the pan hits 
tfie ground at a small ang^Ie which ip regulated automatic ally. 
Tlie edge of the pan acrapes the aoU.and the box is tilled with 
earth; then the driver pulls down the lever, and the pan ia rawtl 
^Uiout 1 ft. from the ground, and in thia position it travels. Wlien 
the dumping plac(> hw? been reached the driver pulls up the Ie\-PT, 
till' frrjiil cilgr iif tlir puix engiigps the partly ami the box tttms 
Around il* axis, thiia unJoa^hng its (^otitrnts. Wurlml !!irra|>erf^ 
consr.^qnentJy, cjin be considered a^ sirlf-lcwultng and dimiping ear*. 

WliPfleil RtTopers of dllTerenl forrns nn' found on the niarket- 
Xc>twitliT4l.iindirig they are built by clilTrnMiL iiiHnitfni-tun*n and 
jin» rill rijvored by pafenU, they ;tre all fihuilar in ibe essi<nttal 
parl-< mid vary only in delalfs, ju*, for iiialanLi*, h'veti*, atUich- 
ni^nta. latches, special arrangements for unloading, ete. FSg. 62 
repre^nts one of the wheeled scra|ier& bnill by the Western Wiwletl 
Scr^>er Coin|i!iny. of Aurora, III, 

Wbf^^ied wr»|M<nt art' nu^di* of different sise^. their eagnkeity 
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vamng fniiii 9 Ut 14 r«, ft. T!ip siimller nuicliini'?* ifijuin' a l^ram 
«f twn hiir>«"j*, rt-illi II ilrivt»r ivhn lutinlW \\n^ lever unJ n'l^ul.itrn 
ill** work "f llie T^cminr; tW Uip'^ <^"p* reiinlre aiiotluT nuin 
hr-4t()R4 tbe ilnver. The •mialler siws will renicwe the onrth 
ebei^jer, on a short liaul, than the ^Img wra|ier, whllo the lur^iT 
dsM ,ir« convenient for long hauls. Tlipse mentis of lrAn>'p"rl»- 
lion are wn' convenient in excavsilionfl ivhich iire not tk^por 
tluui 3 OP l ft., as, for inslanc*, in preparing llie work for more 




powerful iiuutiiiips or miLoving fh*^ ('Riili abovi? nxik wliich has 
t<i !■• hliLsfiHl, T[i tlu' exriivufuni of th*' Chicago TVainaipp C'aiial 
^'hr^'k^l ^-mppra wem exlensivi'ly ii^tul^ nhd liu-y hMuIr^l up la 
46 eu. yc]s. per Any. 

The eHicieiif^y of the work, hiuvi»\"er, (!e])en(U uprui ihc *isw of 
t)ic scoop anfl the distfliiee n> which the nmterial is to bn* hniiUxl. 
In tlw following tabli^ an* (n^'^'n 'h*^ quimtily of tho material 
Ii«uWkI by wlioobtl wrupi^re of [} ami II cu, ft. capiieity, and the 
00«t for the various dUlanee^ Tlie prices* are calcnlnl^L on tlic 
btfid of thoae paid in Now York, ami when ihv: work is tlooc in 
tlie oounlr>' the prices ^ven sliouUI lie re^Jticcil tit leiist one-third, 

From thb toblc it id seew that the cu^x of haulm/ mat<^'rial by 
nsuDdol vhcdeU acraper? incn?a«es with th<- ilistant^.^Tid wen when 
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rr^luri-tL on^-Uunl t)i^ |incnt ^v^n itntain lugk. To nMnrtly tli 
l!ir WjvHirni ^A'^kvIw! ScmiBT Coniiwny j»uL uu the markt-l a iin? 
<-Ium' irhichn'jif jtcomlimalion of 3cja{x-r and wagon. Tim tiiachlno 



Tar 


Tfii«. 




dft»? It CiAV 
lljiulrl ipj A 


Cart wOibM ThM 1 




1 












•rn.sr' 


300 


300 


79 


IIB 


fO.OM 


SO,0TT i 


300 


133 


1« 


TO 


0J47 


O-IN 1 


400 


!W 


n 


51 S 


0,300 


0,1 1( 


am 


80 


21 


41 S 


MO 


IVO 


000 


OA 


23 


M.2 


0.3B0 


0.2U 


TOO 


A7 


If 


n 


370 


0.270 


MO 


00 


10 5 


aar 


o.-too 


0311 


WO 


«1 


H T 


21 7 


0.44 


0300 


1000 


10 


13 


20 


0«) 


0.100 



rnrmiMM fit f.wn wliM'lrtl s*'n»jH'n* "if lar^i'i-TipFicity cnrrlM i\n 
fniifii' '<iii>|H»rU'[l \\y ftmr wlm-U, Tia- iwn wrjijien! were o|x»«t*'J 
izitlf*|H*Mcli'nUy from uiit* saiDtlirr; the* frcmt jinii wjl« load^ fir^ 
txtxA MIL* niwd U> lis j>Wr-, lb' sn-ond ]win »'«'< tlwn lo\v>?r*Hl aii'l 
lottd^'d juiil raiR'il. Siim' tin* iw*o pans* hiid io^*tlivr a ca;iacity «'f 
IJ cu, yUs.» lliey rci|uire(i from iwo to lhn?c liorg*« to|nill llicn*' 
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But ibcBt? tuachmra Imvi^ not met uilti H<JiTn« ijacrr Uieir ccot 
ntnictioii haa Item discontimicd, 

AiiolliiT IjuI ^iiiiplrr nijirhiiM' which U^\u\A irreat fsiTir 
contructor^s v^iKnrinlly in Imtitltiit^ Ihr r«rth tlvil nk'jgliL be duin] 
to tt (iisUnl. \mu\. i.s llic onr ilhutt.r?iU-i I in Figs. (53 himI fi4. Th» 
miiHLMUf of HD ordinary whrtltnl MTJijirr of L'tr^v rapiicUy, the- (Milv 
dilTt'n-iLre ln-iiij^ dial it i> |>nivid(M] wirli ri fnuil i^mwip clun^n 
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ftQ of UkD Bcraper AXid (imily retaininfC its contenU. In this 

naoQcr the »nh loaded inio the scrapor mO be carhctl to the 

■huDptng idace without sprea'ling it atl o\'er the roacl, n^ iii»uALIy 

^taipens wiUi the onlmary scrnpora The front wocp is iix»l anil 

np^ th« m^^jt^^r U'lu'ri k U THm*t\ and Icuuiftf Fig, 63 siiovm the 

Uvhlne d09e«J, w^liilt^ Fi^. i>J .^liovrci ti^c umrliiur' \v\\<}u tho scraper 

i^k>tt«r«(l aiul lyMuh- to fM> 1-JtuloiL Such tx wtk?oIi-il s^crsLpKT cnii 

fccoB«ti1er«tlft0aiaelf-loa4)mf;anil«luEnplaf!('art, UJKt it ih crrlmiily 

^fTi- eumfoiom. riitRv* it (•Iii«inal<« two exjH^tmivc itc-Jiw <-jit<*rmjc 

°>to the i*ost ("f the t^rtiiwxjrkti, via., the loadini; mid U[iJ(>u<liiL}; of 

he cftrlh iolo Ihe cart^- 

Cvts ao4 Wagon*.— ^'Phe tranin^ortation oi 4**tf'avat<?(l male- 
*1* to a ^rcat rliatouoc is usuails dooc by larpcr voliicloa jiaulnl 
^' homnk Thirto vftbtck^ vary greedy, but are cither cartfl or 
**BMi*, a diElmctioTL which i^ miwk^ HCronbug to the nimibcr of 
^*ci4*- 'Ihcy arc calkrti cart^ wlu'n pixnalo^l with only two 
^Ki^y of latg€ dicivD;<ioii5. while thin* provithtl with four whcul* 
'^m) nnall onc4 in front oiul Ivf<i larp^r i>nt-.-4 hvliiud — are coltcd 
^Cons. Dt>th f.irt;! and wiLi;f)n:< cnii be (.livitieil ugain into or.U* 
^^ and m^lf-i him ping, iircifflinj^ to whetlter Itie cuitcrial is 
klowlcil by hand or (hni^|>nl ^iut<»rniitLcaHy. ' 

Carts.— *Oitlinnry curt.", mlli'il alsLi eijuihiiriuin eiirlf, jtm vi*ry 
^jfttr to th<? imi^rcnrtfi di^^rhijcii itbuve, witti the (llfft'i'eEiir that 
Vsi' an of lurpT diii»'immi^. Tliey cuiisiM. of two lai^ wla'fl?s 
■*>m 5 In A ft- 1» di;tuiekr, and a box finiUy lixnl Ut the iivle nf 
W wlM-lrt luiid pnAided with two sliaftj* to which ll«' horse ih 
lutchml. Tlie eapftcily of IIjf cart varir-v fmriL 20 cil ft to 1 cu, 
yi- II afToinJfl a very coDVL-nirnt nit^anx of traiinpnrtsitiGn on 
iQBtb haiitifT vwn an inehnatitiit <»f 1^ |K^r ri'Tit. T<i iinlo»'l tlip 
carl, usual] V the dni"<T *lH:w'hr% llip hnr** iunl pulls up iln' slinftn, 
net the can rt^vnlvhig annairl it?& anle nLiiT4'.s thti atalf^riiil fn fall 
iff. 

Dump-carts. — Very sinrilar lu ordiiian.' curl-* an* those 
rhich Uuinp tho imtcriaU without U'in« rom|Ji"Ilt'd m unhitch 
bo bovMi Thcac earl>^ an* fitmnumly kaomi as Uurn|>-eitn-^. and 
i« oovistruotMl of did^^reat matertaU and shapi^a. Th*^ om* \\\u^ 
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triin^l in Fig. 65 !ms the shafts fixed to ihe axle of il\e orbeel^ anJ 
the h'tx is provideci with two suppnns ni its Ixmom nn<\ apyi 
which it rests, unit rii:iy n^volvt^ nroimd the axk\ Tlic body cf 
tho €ort i^ kepi in u Itorizontal pciPition by m^'nn^ of lv:v qjui* 
projecting at Itw ftont; Ihe ishftfu? are prcvidcnl vnth twcj r>-w 




thiTkUgh whicli pa^iefi an irtm or mKnlrrn bar, for krrping th" 
^luni of ik^ box fhwh with Ihc ^haftai. Ti> uidniul the cart thi* 
hsiT in tt-mcnTiI, Jim! wurr ihr tvrnf<»r of grfivity w jusi n lilllr at 
Uw it^ar of the axle, » wmplr pu^h by the ilrivrr will rntwU' tW 
Imx Jinnind thr nxlf. itiiiJ ih"' tiirilrriid will {a\] fmni tin* n-tirrml, 
Uw I'liii-lmiiril hiu'ing Uvu previously n'mnv*-*!. DmnjM'iirt* 
aw nisfi imidc of iron, «*, f»r tii«l»uoe, litf HSU duiiip-4ruTL, repre- 
sented in Fig. 66, which is ext4>iisiviely used in the city of Xew 




rra. 66. 

Vortt- Tlu" bigh prii'c^ rimrp-d for ihi'se n*^w and pnleDtfMl dump* 
ftiHH ]>rp\vnt ihnr e\l4"n*ivp \m* in ilie Imuling of the rarth 
ejteavatec! fur engineering ;i\trpoEc& 
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Ordinary Wagons. — The strength of onimaU is more con- 
HUK'ntly uiirm**! when iliey are u-orkiaK in lejims, iii^ will be seen 
W^r on, and in sucli cases l\\e materials are carried away by 
nimna of u'acons. Those consiet of a four-wliccl«! truck nuule 
U|* of heavj' beams with a platform iaurroun*ic<l by Ixwnl* *o ok 
lo form a box in whicb iho material* aiv dt-positcJ. The front 
vikfvl? are ctf wnallor (liamctor uml their nxlo is pivotod to the 
fraiDP of tho truck m ttuit lht*s*» wh(*<^U may j;o umler the plat- 
form unci tf\fr wajtnn tunj in a ^uuill eirclo. Attactal to the 
axle of th(* fi^nt. whoi>lfi tlirn' ifi a *haft. to whicli the horaea are 
hitched. ThM ordiiuu^' wagon does not afford the meet mi\- 
Tcnicni i^iiy I'f oart.ing excavated matcrlalfl, l)epuu9<> Uic earth 
mt^l be luilooitcd by hand, and this e\|xiUBivc ilcm n-ill tend to 
gi«*tJy increoae t1^ coat of tiauUng on account of the labor and 
time T^qwmii. 

Dumpittg-wttcoDa.^Duntping-w^on^ ar*^ more convenient, 
jind coii;*«|ije-nlly more commonly employed in the transporta- 
tion of materiaJs in ]>ubHc works. Tlicse are similar to ordinary 
wngatsi, nith the <lifrerence that lh<*y are provide! with nnme 
arrangement which will allow the (hmiplng of its contentfl. There 
are numrroU8 dinnpirLg wagona on the market^ tnnny ol tlietn 
fztill cou-nxl \yy rmtrntfl. hnt tlioflc rm[)!oyt-d m the hauling of 
earth cnn lir gnHJ|"*d i» w:ignn,'t in which thft hnilnm is roinnvml 
and till* itiafiriah fidl Ix^t.wfnni thr whi^Hs, (ir In witteh ihi^ pint- 
ffimi (if tin* \rhi(Je KliilcA tni tht< trui^k and thE< [nitt4*rtal ih dunipi-i| 
from Ih^ i^ar rnd of the W!ik<«i. 

n»e sirnph^st fonu of dum|>ium-WHjjpn« of the first group^ in 
vMch the bonom of the platform is removed and the materia] 
falls between the wheek. consistJ* of an ordinary wagon in which 
llie piflifonij ]s ooinjKispd of several siiuare-edged beams with 
round projecting end*- They ure generally 4x4 ins., and are 
pWe<1 rUifr IfigethiT unr] r**ti[(g <in tho frame of the wagon. 
When ihi.* lirivrr wjuils^ Xa uitloiid thv' waigon he pulls out one of 
tbeM* beam*- AH the oUier* then lM^e<jrne loow ant! ihtf whole 
filttiomi may be i^jk^ily removed, and the muferiuJ will of cour^ 
fall on the gn>un<I afid bviween tJio wheels. This form of wiigon, 
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ftlUiougli coiTmion]>' u^il in the HJ^Iiway Department of th« citiT 
of New York, u^ not mlvbablc on public works oa account of tho 
grr^t length (jf tiiiK' rf?i|uin.t*i in uuloffjing, ami this U [wriupa 
tht^r*"aj<onwliyi[. wiwiIiH-mrtlileairabkb>' tlicr N<^w York|>oliti^ 

More i-u!iveTiieiil. ihaii tlie rtjigijn just *l(W(rrUjwJ, hiii nf ths 
Bam<? type is the Watson iluiup-wagoii illanlraU'il in Fig. 67. 
Tlie wagon is sf> constnict^il that the front ^vIkwiIa nmy pass umier- 
neath the body of (he truck, llia^ allowing the wagon to turn in 
a wnall circle. The platform in mmTe up of two parts joined %l 
tlie middle^ but hingt^L to the side^ of the w&gon in such » uiAtiiitir 




Ihat they may Ijo openeil and closod as tht* lettvf^ of a door. Ilic 
o]K'iiinK and closing of the bottom U accomplished by means of 
choirui ptut^Hin^ ovgt gears at the aiiles of tlie frame and regulaled 
by n ftpnx^kel-whrr'l moved by a le%'er located near the dri^v^'s 
sCAt. By pulling the lever the chains loosen and ihc two parts 
forming the bottom of the ^-i^Eon arc opened antl the coptained 
inal«rial falls between the wheels. When the wagon i;* eniptipi!, 
the driver by rcvcrang tfic lenT causes the closing of ihe Imlioni, 
and tlic wagon \s in position to be Again loaded with cjuIIi, The 
opening and clotting of the wagon* imd consec^uently tht^ ihirnping 
tifn-ratioii, Clin be uitulr- witbi-nt any rnconvcnience and whilt 
the lioracfi are moving, mo iliat not a single iti^taut Is lost for tilt 



ftACUXfj KXCAVATBD MATCXlALB OK L&VEL RO.U>S. 119 



r 

H unloading of the wag<nt- II ik nu wpiiJer l.hat Lhin ktml of tv^i^m 
H Vutt met with the grcatvfct kiiww*«s J»i<I Omt 1I117 An^ pxlmsi^-rly 
H VQp)D)-ed in public Vk-urk» f'lr tlu* tniii-v|M>rUlinti nf iTtiUi r'liils^. 
^^ Dumplng'vragon? of tlibt f.y^v Jtn- ionnd in gn^ut nutnlx-rs on 
^H tb mark^; tht-y jire alJ hiiilt on the Miiim- |>rinctpTf\ but vary in 
^B dniib. Th^ diffcrri^nci'ii ehii^By ootwbt hi t}io arriui^iiK^nt of the 
^P rttUtv for the op^iun^ iinti clfviiig of th«* bottom of tho wiigon, 
in tlir construction and airangfrmml of Ui(^ sprocleirt-vvhoo!]* 3a\d 
-Khettvc*, In ih« lo\'cr, eto. Tliiw OetaHj*, howi»ver^ ore 
iaajgnificftnt to bo eoiwderf^J tti u boolc Uki< thi^, wh^*ro cn\\y 
various typos of machines and utipIt'itM^Dts m*Hk by viiK>fit!<:n! and 
fontroctont are I4fi<-I1y doforiheil 

A different lyj» of <Iunipl[ic-wflfi;on ie th<* *>ne tn which the 
^x r«ate on a truck which i-* provtdod with a pktfomi. Tlus 
B9 n liitl« inchncd lo^unJ Ihi^ reur anri is furnbhod wiUi iron boiuls 
O as to offer a smooth surface (o thfr box in sliding. To further 
fftoiliiato the stilling the lower p;irl of the Ixix \^ provitied with 
*r^>ii rollcfs. Uuring the iranaportation, while the wa^o» ia 
I'Xa^iixl, Uw box U Sxed to the front of the truck by means of 
h«^ilvt■ irtin book^. To uiiload the wa^on the tjrivcr n-icraaj^ Iht- 
h<:*^ Jforo xhe truck by dtsenpagtng the hook*, and thp box sliiU-s 
tluag dm iron gukles nnd nimf- iirounJ the hinJ eilg<> of Uie truck 
*S%<1 ttSUDiM the position ii)dicate<l in Fig. GS. 
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Tk^ iliunpingof the material frnru Lfiese wiigonK, while it does 
^ ^uire any irork, will (hke up soiiie liiiie^ wince it is nece«*aty 
(•ttop the hortes, tlw driver has to loosen the Uix, luid wtien 
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eniply it must be r^sed up and foftcned again to the truck. There 
Lfl no doubt iViut a gii?at deal of iune will be npcessaiy for thtfc 
variniiM oper:itioii>j, mid for this rr-fiAon the^o wagons ai« not m 
convenif^nt r«>r t.hi? tmrr?ip>rjrt^iVi<)!] of ^xctivaied eicirth ns the eon* 
tracUir's dumjj-w^ig'inN unr, Uni thy an- nioit* coutfuonly «n- 
plo}-ed in the tr3iru^pori;tiio£i of building luiUvrijilt*, as brick^ naikd, 
building Htonc«, etc. 

There !£ »tilf aiiotbor tv[}r of diiiiipiTi^-wiLgons, in which l^fl 
box 'i» fixed to ttic Trurk during Uh* tiAiiling, IhjI i« iw aurartfwf" 
that it may route artuind m aucu, A new dumping-vragoa r»- 
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ecntly pnt* ntc^! ttiid ^uilt by the ShAdbolt Miinuf^ictoriog Conipi 
of Ilruoklyn, mid extensively used in the uuiir'truclioii of the St 
York Hiipiil Transit Subway> is deJU|;iied on thw principle. TTie bod>* 
of Ihe wttgoii (Fig. 60) la bftlftnced on iUt* rt^ar e^)rings ao that it ii 
easily tilted w^ithput thu uw.* of any special mcchamflm. Urn hprinp 
resting un & Ikif :uTnj» thr fniir»-, T}ur sockcte ifi tvhtch this la: 
turns are set in tht^ fraint- wiWii ul ft ]>oinL in front of the rear axi* 
just, suflideut t.o [,hrow pfirt of tiie loatl on t1»r* front axle, thereby 
bringing the iN^utcr of grnvity idHntt 1 ft. I^nrk of :i t<f?irt£IJi] pOIDt 
lK^(«'t<eii tlie axlHH, which prai-lit-e han Ahuwn to K- the best di^ 
triljutioik of lirtui to secure the eii^iest draught with wlieels of lljt 
relative height af thi**e in cunuiiiin use. A ehoin ij; atta^liod 
to the front end of the car, and pass^ un^)^ tiw front axle, rt- 
licving the strain caused by the act of dumping, the /rant ppiiogB 
KTving as cu^iions. The rh«in «*an be sh^rteued or ttfngtheiMd 
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[at will, iVifby <i<Ttemiiriiig tht- angle at which the wagon nmfit 

' l«? tilfjij, n(ri>nling to iho difftTpnt (^ondirioiis thiit gowrn llip 

n|K-niti')fi, Mjch Its xh*^ xtAtwTtf oi ihe load, the eilc when* it w lo 

The capacity of cana is jilioiii 1 cu. 3rd,, while that of wagons 
\-arips between 1) ami 2 cii. y»ls. For cht* rt'aaori oxplaiinvl at 
' p. 2Sl, in hauling oanh. wa^ns »hf^»ulil filwfi\"s Iw prcff^rreii to 
I earts, and the l>^>e of i-ehide selected should Ije ^ch aa will do 
the work at the smallest cost- 
In calculating the cost of ImuUiiK by carts and waRona tlie fol- 
lowing Items should be considered: (1) Tlie daily wapea for team 
and dri^-or including also the hirinR of Iho cart; (2) the lime 
Twiuinxl for loo'iing; (3) the distance of haulini;; (4) the time 
rcqturcd for unloatling the car and (5) the lime employed on the 
return trip. Comparing Uiew^ various itcm^ nilh the number of 
nnlc^ Chat a U^ani nmy trawl in & day and with the number of 
round trips that can be mmle in a day, the roj^t of hauling a unit 
of \i>lu]nc of material if* a given distance will be eua]y found. 
As A rule it L* flafliiuwd that the tranR|XJrtation of the e?tcavrtted 
niAterialtf by mcftn.^ of carts and wagonfl t^ not ajnvenieiit U>t 
distajices ucreater th»ii a mile. 

Aaauimiifi! the cust of hiring a horse and carf, th*' wnK^s of the 
driver beiiig iDclurlf^il, to U- 33.50 p<^r day, ami ili.il af hiriiij; a 
I leaiii of liorves with wag<jnand driver to |je $5, and Ihe ca|nieilvof 
ibc cart be 1 cu. yd. and that of Ihc wagon 2 cu. yds., and that a 
nn^e honv with a cart may Iravtl \^ niiW per day while the team 
of honra hitche*) l« thr wagnn will tm.vel 2() miles; the cost of 
hsutifi^ tlirufiit of vahntir<kf earth at tbt* vanuusdislanivHwill IxTax 
givni ill tin- r»llowiii^ liihle. 

'Rv* laiulliLg of thf «itones, »btitliuHl fnmi iht^ i<xntv»tknns 
through rock, is usually done by ini^aaH of ordinary cart8 und 
wagcinH)u><tde4rTilHMl. Toeiwily h™! the strmesinto these veldeles 
it bnieeemary tobrridc i hem into T-niall fragmentft, and ihit^ becomes 
an expensive? item whifn the rock w ivmovrd from it* natural bed 
by nmuiM of blacciing, in wlii'^h brgi- slonrs jire detached from 
thp bank. To hiuil iiway thes*- hirgc atones by means of orviinarj' 




152 



EAETU AXI) ROCK EXCAVATION. 





OUB UuTV* AAll Cul- 


Two RomBDl >t 


■ftb 




Kvinbarnf 


"^rjiii'' 


Cubic tuil 


Kunlwr of 


qug,|jj6| 


Cuhtt Turd 




Koua4 Tnr«^ 


rSifl Y»Pi. 


RauAd Trii* 


.asit£S 


mt 


7» 


71> 


to 044 


1W 


210 


fO.Qsdl 


l.OOO 


4I> 


40 


0.fif>7 


Jta 


IM 


Si^fl 


l,A0O 


36 


3$ 


OAU 


35 


TO 


2.W0 


20 


3) 


0.174 


'M 


63 


VtOM^I 


■i,fim> 


]« 


1ft 


'J2 


n 


42 


OjUH^H 


3,0U0 


13 


U 


-21^^ 


IT 


34 


'^uS^^I 


4 0110 


10 


10 


34*i 


13 


m 


Olfl^^l 


fi,0<K> 


8 


s 


0.4'L'i 


10 


aa 


0.29^^1 


(J,tHW 


7 


7 


O-flW 


» 


14 


OhSi^^I 


TiOOO 


« 


a 


05^ 


1 


14 


0.30 ^ 


S.OO0 


5 


s 


06Dfl 


6 


12 


41 1 


9,000 


4 


4 


0>WJ 


S 


10 


€,io 1 


IOhOOO 


3 


S 


1 IHtl 


4 


» 


0« J 



n-f^i,nl III liirulit]^ Ux- t^M>rics iiiLo ijie c^rt^ na iii iliiiii[iiii{; itiem. 
Here, if Uie vehicle is self-ttunkping, Hie flmlden slrBin pmducftl 
by the fall ijf mvU a heavy slime will j^eriinisly affect, the deUcatc 
parts of il\e cartw— otherwise it unll require a long time ainl ihe 
<m|»loymeiit of several men to effect the unloading of the lor^r 
Btones of I, 2, and 2\ tons each. To atoiJ th'w inconvejuono^l 
fipecial care are coiifllnicKHi. ^ 

In riumll I'xcuvaiioiis, especklly in country woricfl, one of ihe 
tnoBl coiiveiiienl vehicles for haullite lan;^ etone* is the eton^boat. 
ThiB con&isle of three heavy boards mo'le of barj, Hinooth-^miiiM 
wockI, Iield loRether by means of two crofwpi^cee at the i?ihU, 
strongly niuled or bolted, &n<l providod with nn iron hook in front, 
to which the bccim iif hitoht^d, a^ indiciLt^ tn Fij:- 7t)* On thU 
very heavy stonp* ciin be taaily Ir^udod with crowiicm *>r 

llie stonc-lxjat ehdJ'S civ^liy evt^n lu the EoIt«et f^munil uiul 
in eoDic cwaes it niay Vx* found convenient even for hauUng c&nhi 
especially yvhcn the f;rouud is too soft for woRogie or wheels 
any kind, Wlu*ii tltc stone-boat \b uaed (or carr>'ing \\ie. ra 
one or tft"o ,^iri|>fl of board may lie naiWi oa the odgcSw Tlii** carl 
cosily toiulod. aincc the shovebra do not haw to miv th*" in.ntcri 
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In oMiimry curts and wugon5, nnii in Dioiiy casca earth can be 
luled cheaper in iH^ way than in any uthcrp Ti:e stone-boat 




rat*J in iho figure b tlie oue built by G. C. Pollard of Brook- 

The f lonc*boat cannot be employed in caso the etonoa have to be 
hftnled on ptivod roail*i, oBjx'cially idong the city slrcoln, and then 
«qMi*U}' coii^lrucltnl wiigon i» usually cmployetl. Thi^ consist3 
oEikfoitr^whcrl truck in which the front and irar whccla arc acpa- 
ftled- The piriform of the car is nuuJc up of henvy planks* rcin- 
im^l with iron band?; and it w ^^ry low, being, its a rule, not 
ihW6 ihMi 1 ft- from the grtiund. The axlp of the n^ar wheels is 
^^■ttlir pUne of the plilfiirni,un<Uf>pn»U!Ct it from twisting under 
tbtnrjght of aJargefllorieconcc[itn\ted only at one puint, tbere i!*n 
I KoJen incline arrartifed in the manner clearly IndieaLeil in Fig- 7h 

HlceDipr plank of thi? platform U lon^r, and iu extreme is pro- 
n!wl with a hook wluch engap'i^ a chain firmly fixed in w>iniD way 
to the axle of tlie front u-hf.>olT; of the truck. Such an amuigeinent 
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permits the car to turn even on sharp curves. The advantage of 
these cars is that they can be easily loaded and unloaded. The 
platform is so low that even large stones can be easily placed 
there by means of levers and without the necessity of having cranes 
or derricks. The operation of unloading the car is very simple; 
a crowbar is applied as a lever under the sides of the platform 
of the car, so that it is raised up just a little, but enough to disengage 
the chun from the hook; the front wheels are thus separated from 
the car, and the platform, deprived of one support, will form aov 
an inclined plane, along which the large stones may easily descend. 
Fig, 71 illustrates one of these cars as commonly emploj-ed id 
the eity of New York. 



\ 
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TiiK roa^i? aaed to haul the excavated ninU'rials for carthwarka 
trr grix'ially ^^HlhoLit imving, ami c<ni»v]iirnt]y their surface. 
1«IV *'( v?'0" Wicv niatoriaU rrffcr* gn-al n^^iJ^tiuja^ ti^ traction, 
IWhci' ni vnwki* T»f ifome muginUuh jiihI when tlic gmth in not 
P^*Ut ilijri Jt [*T criu,, thi^ liJiulinK i^ iniiH' riKuriiirruly ili^rif 
bj' ciri mmiinj; im l<"fii|niniry Inirks, oi" lij [tiriui-s ni wwjUh'ii 
if4iU(!triuJ fuiitivj^x. Iiiihwt.rini raHwaw wcrf inv4*iil4-i) hy TVcrtii- 
iif PoMt BtTtinr, France, mul iiiv now built by ililTrn-iit finns 
m'er iKp woHd. :i>j. ffir ifif^lsiuw, by l^^Piiml <>f Minis Bflgiiiiii; 
Animr K^ppelof Baliii; Kern Smart 8c Co,, LuL. Hii|£hiHlT aiwi 
ifiAmmca by C. W. Hunl Cumpauy of New York; Sieubrer of 
Lnn^ IxlaTLiI Cit>% N. Y.; Ryaii & McDonald of Balciinore, and 

lUiny (itillT*. 

Ti* bv^ with iho tracks: th^y generally vary in form and 
(liiriPMions. [l<"(i"rwlmg i]p*»n \W load (hal thi*v hjwr to <*nrrv. 
i«"W built, hi thb* cimutrv art- of tln' ususd AtufTit-an s?jiiidard 
'*ilwciio» of ^TUftd iliiu'^nMcniiE, vuryinjt usually frturi IJ tn 21) lbs, 
[T lineal yard. The '^ruillor ftiMs-* are cmpliiycil lu supporl Itj^ht 
'i^\% not moro than (»CK)IJ lbs.. whiUi Ibo hir^t^r cjui supfmrt esirft 
*^^i with 13.000 tb8. The i\\'<i rails are riveted to 8t<wi cruaA' 
^ axw! the iruck is ma-lo in iwfi- 
^m vnrif'hyr fnaii IG ;o J(i ft, in 
■^h. ^►iH" end Ljf cftcb fl^ctimi if 
pnjvuliMl wiih fishplates* ooc end '^ 
^ vhicli ie riveto»l lo the rails, ^' - 
*^ ll» other projedA and ia 
^■^ lo ll>o succeeding acctiou of track. 
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end of one rail ^vith the liUached fiftli- platens, reiuly to rec<-Evc 
the aucceeding section; ami Mg. 73 illUBtrates <nir sieritnii at 
track as maimfactuirvi by Arthur Koji^h'! ot ht^rVm. Siiiiibir 
section* aic tmdc in cun-es of 12-ft. radium or moiw, u,ini are coo- 





ncctcd to tbe straight line by niearta uf rtiiUi>laU>A, im rlraeiibnl 
abo\nc. 

The gauge of iiKlustrial railways generally varies from :\i 
to 24 ins., and Ihejie gauge,-* ha\"c }y^r\ icmtu] conveniaiiL. TV 
gs^uge h.v^ not a gn^at influence up<.>ii rhe ioad to be eamnl <o 
f]n- mils, siiiott Iitttvj- wt-igbtt^ ran ^y^•' i",\Mly Iiauled on fiarn"^ 
^iug^ Iraek^ ]>roviLlei| llir niil^ nit- Mmng rtiuiigb ro ftnsitl ^^^ 
[in-j^jin'- Tlie Lntal winght (if :» stmi^hl ,*4*irrjoit. with i?-iK 
^^ll^nTlll 20-tTi, gHiigi\ nnnpTKe v^nth ilit un.if£3b*li:*?<, b^ about 2$]^i^ 
[M'T lint-al y:ml, wlilV flir wfiniit <>r Lhc Minn' Hi'.tuMi, with ni^^ 
of 24-iii- K^iugPt t* -'**! Il>f*- |J<'r yanl- One #crhit) bping h'^^ 
Ifi to JO ft. loii^, its weighL tvill lary ln-iwenj 1 32 \\y». for a m^^-n- 
Ift ft. loitg, 20-iu. gai«P. and 12-ib nul, ami :i»i} lbs. for aSH^ 
seetioii ivitli C4-iTi, gau^.* :\nd 20-lb. railx. Tlit-s^ aJ* limcb whifli 
Uiay be eu?^ily taken up and Innsffmil by two men. 

Tlw* cnjK^i''* (if induMrial niilwajT* sirt* of «t**l, and nns aj*i- 
flIK" madf "f ;i rvmvt'x Tinn, sn Outt the f-nrth ixill be <■ 
nndenuvitli, Mms furniing a. kind nf ineimipti'Mibk' eu^i.. u- --.. 
Will prevent tJie nnkinic of Die imck under tlie lond. In Fif. -> 
U showni tlie cro«s-t«etimi of a erwa-tie buill by AMhur !. 
of Il**rlin. The cross-ties are generally eonflirucU^I trith 
bearing surface oo llie foumlacion, to BU|>port tbe lf«ul; Ulh .j . 
in proponioD to the loaul i« nearly double that of tlio ortUnary 
railroad et\»is-lie. They an* plawc! iibojt 3 ft- apurt, e«nicr l« 
center, and Owiv i>' one en>**-lr near ihe osA of ^ftdi acctiop. 
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tbcf linr ih i^ilcknI on tW i;rauiiii and rtady for Berrloe 
'tiea Alt nol niuaUy fijuct^l, but arc cloaer near the j<»nte 




Clw»^ipM nre it^iially [inn'Mp*! with two or three 
that \hp\ msy Iw tinilnt Ir planks liuil uni[eme»t1i m 
iiiCTVfw Ihrir IxiiRTig, tJiiiw iimkmg <till moti? difficult 
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llip i^roiunl i> very lon«* mid urt. Tlii- mllw nn- firntly 
lo the cfOtt-lM**, bul III -vwii*" cases, (or onin-eiiirnne of 
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shipping nnil Xo nvoM higli dutka Iti tDi(Mjrt~mK lliew luilumrial 
rjulwiiA-i into tflU'r cjiuiitricH, Oie cnttw-tiea nr© [Jetaehol lutd 
|>r(ivi'lt*(l with clij»H wtiich will firmly lioM in jjlaiw tlie louvr 
IbiTige of the mil- 

I[irlu3irial railway's like ordiiiflry raUronds are provitipd vnth 
swilclies. The»* art usually arraiipctl with a sp^^ial rail on :i 
curve of i2-fl. niiiuK iiini rivpiod up soM to ibe crowi-ik*^ having 
the ewitch-|K>int« imd fn^ comp1^to« Switcbos aro idihI« t^ 
match lhL> p*>rTnbli' tnickjt, »inl arc fuppli^rl either wlh :; ri^i 
or a left ourvr a* in Mg. 75. ThGn.* are t\\^ ihtt'*>vniy nwilchiK 
A« jndicAhtiNl m ih* riiimi' fijcunv Tb^ ic\nt'Ch-pt)int i^ODitivt^ <if • 
toDgiic. whiuh miiy \tc iiicivi^L urouinL ;i pLvou The poinuuir 
UMUatlv in<iv(\] by lUv vrarkuu'ii , hut with h(*nvir*r miK aii'l nVs 
tht' niilwiiV U to b(> xi^sl for :» I(*ii)c titii:', a *'a iWli-t*t ninl ni<^»L*JilM 
o» fit^l sleepers i^ oiu^vloyeil, oiid tb-a<> aro built to nmt^li any 
Lino. 

In connoct'ioii with in<iiistrial ^aiK'A^'« tltpjv are al^ t 
toblps in (mkr to allow the cars U> eJ:aii^ Jircalioa at right a 
10 the lino, 'Hiow con^i^t of \-Ki> nrvxihit strrl plrtt^^^. ilir Iw 
one Iiavkig a groovt-il riiig in wliicJi an? i^bcc^l halls in;nlr of Is 
cncd *iecl nclin^: a^ roller:", aiid kept in place hy a «D:ill 
undenimth tlia upfx-r plat€. A w?nlcr pivot kct-ps* tl*c two pb 
concMrntric. umi whiU' thr lower pbto i? fist*(l to tlw groumi I 
upp<-r oD»' m;iy tevolvt- ;infAmil thl^ rirnlisLl pivot. Or ih' U|^pl^^ 

plate air in*rl*xl pic«cK of stwi lai^' 
;il riglit jm^i*?<»aml in tlnMiin^il*r ind^ 
c.-nr»[ "m Fig, TC. Tht* tunilaW tf 
sniiifTinicw prf)vii|eil with bniki^ to left" 
ihr- upjj* r plflU* Rxixl to till? right places 
auJ then the loiter ptetp ix prmi 
with sloifl TO peceiw the hralif « 
i> attiich£>d to the UpFM^r plate. The pblfonn of llie tumt 
15 5>m.'>iimo'? ma<lf* of wood, liut lii any case the riim rotitaiiib - 
the UilU itcthiu Af* nill^Tfl. us wsy\] as ilie oAsmg of the pivot, 
always mfide of eioei. 

The care doftgnSil by Ifecauville fot indiuim* mnwaip-? 
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nAtxtxa zxcxvsrm matermls ox iiorizo?ct.u. roadr iflO 

buill of iron suhI »U^1, anil m the fonn knomi in thift c^^unlr) ait 

lip-ram, TTir* rrin^Hl of nn hnix Iruck with stwi-flatigi'cl tvhcrrlA 

of nlioiit li* Ids. ilJAtni^rf'r ftxe^l to axlw- which jin? iifinrhwl lo 

lhi» ffMiu* 4>f tltf* truck lij in?aiis ai lKix-5)ra{>o<l nxli^?* — Iioxst* jutrnf^ 

timea pniviileil ivUli ^>ring». At botli enJe of the truck them 

Ivrr* tniSHr-?^ for thf Mip|xirt of rh** hoiiy of the rnr. Tliewe 

ni£u1<* of *i*rl anil ;in' ?mii|iorlr<i oti finnr pivol*, two on pacb 

mii tr«ling on thr 1ni«M'H nnd vrt Arrnnpti sw Ui hnvir thr rrntor 

iK gmvily iA ihe- <"jir, uhrri Infuinl, jumI ii liHlf .thovi* thi- [ilnnr of 

da* [nvrntx tuul ln^twit'ii tlu'iii. Sudi a corit«l.riu't.t[iii, wliili^ it 

pm'Ciitt the (nTrtumhig cif ihi* ntrs (luniig the* hikulirig, nllo^vn 

thi*m 1o b* ^-Trfily unhMwlnl by lij)|uii|f, henc** che luinu' of tip- 

M». Thi> rfforiA of any onUimry wi>rViiwn will cmiHt' tlw h(Ay 

uf tj>e cur to tiini o\'er a pair r>f pivot*, ai\d h mil assuiue then 




"^Iwtioii tmiicaterl in Fig. 7T, fttul ttw:^ nmieriAl will automfttifi- 
*^fi«vDd by gravity on account of the ivcu!iar ^liajx* of the 
^'^^ Fip. 77 and 78 rppn-wnt MtKTi'Jmg ami unloatl^cl fT|wfftrt 
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for irtiliLHtriul mtlwuw }is huilt hy O. L. Stinehner ^f I^cm^ iKfaiMl 
City, wti'icb !irp vpr>" slirLiUr U» iIkwp IjuUi hy Yk'Ci\uvi\\v. 

AH ii|»H:"ar« hw 4rou?itrucu*<l on die sxJoe pjiiici|>^ Ijui with 
differpol arraag*?T[ieni6 for the support of itw JxH.ty of ibe caw 
and for unloadiiig; thes? ari? oowr^ by pet^ni^ c^ontrolled by 
Ufcf various maimfaetitrers. TIk' t-apacity of Ihp rars varies 
from IJ to 45 cu. ft , but cars of l m. yd. onpacily are the tiK«t 
oonvpuii'Ql for onliiuiry vxtAvriti^HW- Tbv ht-i^t of lh<r Ixuly 
of the car b so arrarigt d Jis Ui n'c|Mln' ihr *rri.il|o«f i^flt.rl in loaHini; 




t'ra. 7n 



it, aiiJ to ritldw till- i-iLHy prdjiLilnioa cf liie car eilher hy bj 
byoUurinniivi' jKiw^r. Altaclu-d to thefraitirtcif the- truck* 
iLi^ Liiini|irrvr cliairiH, ami liook'^ in onirr tbat srveraJ cars may tv ^ 
fornirti into trains. Soiuo cara \un»l be iiLw pro^'Sdnl with liaml-^ 
bniki'M vhicli »re plurril on n small platfonri oil the frnr of octM 
tjie tniaBes supporim'^ On* Ixiily of ihr r.ir. 

Sicle-duniping lt|>-cttn ain^ ino^it (Miiitiioitly t-mjiloynl, Uu ai 
kro abo (voatmcrM whioh ihnnp kI thf fnjiil uiiti burk. Tj 
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«** rimiljir Ut (h<» siilr-diinipjn^ i"Jir« (li'MtTibi?d above, the only 
liifff-fr'ntv lit'itig lliat Oic fniiiw.'s* *ii]i|>iirl.iiig (Jii/ b<n]y of the oiir, 
iflflrj-a^J of Irtiig pbn»[l iil Uir fniiit juid n-jir iiui af tlif truck, iin- 
lu^jfrtl sJ*jng its iwo -Htiltr.-*, Tif n'nrs jin- vinciI ftir rurryiitg t-nrlh or 
Einunt, Init in ca^e jar;gc>r ^tonoa are lo Ix* carried platform carri as 
rwiic'itivl in Fig. 79 are founU to tx* more convenient, 

Hu' advantage of mdu^trial railways is thai they may be 
«pwne<l by any motive power, oilh*>r :mizDal or mechanical. 'I'he 
ftilal fi'siataiice cf an oNlinan' ti|vcflr hauK-ilon !i horiionliil 




Vm. 71J 



nmi ran he amuuKst »t Id ]l>i«. ixt Inn ami ihi* n^^iHlance inerf'ages 
B IIm? rtli" of 4 \W. jj^t (^-in. >fniil-' fn*r Utol. hnUixirhl railways, 
>lrltniif^ lai'l on hnriiumlal nm^N. on ucenant rif tlir* iiiuliifaiion^ 
<f Ihi- nitwI-Uii ran W «'oiisi(!<?m I as laid on J-m. i^radi' ami tliea 
tfceloUiIn»«islanceof aliii-carwillber{.5lh*<. jierlon, 'n»p<in(iiiary 
Mp<M-ity of tliose lip-cars varytiijf between 20 and 15 t-n. /t.. the 
li>tiil K'oiglii of their ]ojitl» will vary fmtn 2000 to 45IMI llis. nnd 
ike n«bta&c» to traction will thcrt'rorr vary fnini 29. JG t4>i>5.6]b«. 
Sinry th<* weit^il that miy ordinnry btwu^r cwi support walkiojc 
2 (1. |ier wc<ind can \x* consi<icn.*d iv^ varyiiiK ^^'*^^ 50 to CO U>s,, it 
B vwily i^rcn that any lalvtirr ctui rnov^ a lcka<ltMl tip-ou', especially 
jl it ia not of ttte largt«t dimr^ji^on^. 
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The working pot^ er of a hoi^ is ccpn^^iil^re<l ajt five times greater 
than that of a man, uml fi>n.se<]iiently & a^tigle hoTsm*. c^n ea^jr 
haul a Irain composed of not lea* than fivi> ti|>-€ar» aniL t^vra a 
greatly number, accortiing to their capacity. iIor»eH t^nijilovni 
afl motive power on industrial raUways ifive efficient re«ulu< Uv 
distances not greater than ! mile; for greater 'lislam^h, howi-vpx, 
the injiployiiK-iit of a »t\K\\\ locomotive im fomiii to be more eet> 
mimical. 

Imhi'^tnHl r.*]ilwuy^ -qhoiild form nij r-*;pcntTjd pnrt of any con- 
IracUir'n plnnL The wnXt^i has had the "j>portuniiy to employ 
ihrm M^vcml tlmcv, nnd iti ilifferrnl. nounirifN nnd under eniireiy 
diflr*'renl eircmrisljinci's Uu-y have iJways given mrwt satiafactorv 
n-HUlts- Frum his nwTi (*x[j<.Tiorirr Ihi* wnk*r can cercify that 
industrial railways nfTord a most (vonomicolmeana of trftnsp<>rtatiaii 
for excavftt^l raateriala within aboiii 1-mili' dUtaiicus, 

In tlie iran?|iortaticirt of i^xeavated materials, lUirrow-paug^ 
railways arr' inon.' commonly ernploycil th^ui the mdueitriol railways 
ju*t dti«erib(?d. This is chi;*fiy due to the a^hiptability of thm> 
roai-ls to any locality and all difilancea and aiso becaust^ the Imiai 
may be hauled cither by horsce or by stcam-loconK)(iv<», In 
general, these mads are convenient (or the trau5[Kirtation of not 
lc» than 20.(X)0 cu, yds. of earth and the trains tan Ik? wlv^inUi- 
geoudy hauled by horses to :i dii^tance of ^000 fL, but f">r hmger 
distances j«tcaiii-locomotives will give l)elter rt^ullj^, 'Hit-jw- limilit, 
ho^iTVCi, do not n]>i*ly to evnry case, but give in a general way lui 
idea of the liuMt.ithm^* of th*^ virion* methodri of hauling. All 
the i^irlicular c^imiblifjiL^ of the wurk and locality shriulil U* fu*eu- 
nfcU^ly r-xiLmii]i*() IWon* deeicting ujwin ih<? must ccnvenieni road 
ftTifl mi^rhtKl of Imuling In U* iiM<d, 

Til*' roud o( iiarrow-gaugi- railwayifl hTinporarily hiiill for the 
irHriH[kortnliun of ihi* nmlrriid ennxii^tT^ of light n^'tU of from lf> lo 
24 \b^. p(T yard, fixed to the tiee by means of Iron epUuw ju^t oi 
in ordinan,' railroacU. The various aoetiona of mih art* niflile 
continuous by inetins of 6»ii-p1at^ jointa. Accord in^ to the 
trafhe and also the cars at hand, the ^aiigc of the trjLck In u^ally 
made'J, ?i, or 3 ft T\\q ties arc nuuieof ^uare timbers 6X3 ina. 
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&Dd 5 ft. long and they are spaced about 2 ft. center to center, 
TTie road is provided with curves, switches, turnouts, crossings, 
etc., just as any ordinary railroad would be. 

It is necessary, however, to remark that in earthworks the 

narrow-gauge road being constructed either on top of the newly 

built embankment or on the bottom of the pits or trenches is 

liable to settle imder the weight of the traffic, and consequently 

il will be necessary to have a special gang exclusively employed 

m maintaining it. The construction of the road is very expensive 

when compaied with industrial railways. As a rule il can be 

assumed that it will take twenty days' work for a man to build 

one mile of narrow-gauge road, so that the cost per mile will 

be $30. At least two men per mile should be employed for 

repairing, and this will cost $3 per day per mile of road. 

As a rule, the cars employed on these roads are self-dumping. 
The cars can be divided into two groups, according to the manner 
in which they are dumped, whether on one side or on all sides. 
Whatever their form may be they are always composed of a four- 
wheeled truck, upon which rest the various devices supporting 
the box containing the excavated materials. They are built of 
different azes and shapes. One of the simplest forms of dumping- 
car is the one illustrated in the diagram (Fig. 80). This, as usual. 




Fig. 80. 



'^ composed of an ordinary four-wheeled truck, upon which rests 
a wooden frame of trapezoidal shape with the longer si<le on the 



UA 



SlXKm XSV ftWK EXCAVATION. 



truck anil die sniMl om on top fiup^rting the body of the car. . 
Thi* is hinged to the fmmc anil when Uwled i« kcjjt In plnce bt | 
im";m!i of vmicd propn renting on th<* tnJck ami hoMinjz Ihr nf^r 
of the Iwx wliich docs not refll on Oic vixiotk'u froine. \Wtn 
the car i» loiuleil the oeiittT of grtivily nMiiainA \"Ctt»' cUin* lo ttr 
Line of tht- f^t\^ of tlie tni]>pciiiilnl w^MKleii fraiiK^r ^^ LhAt :ifKr 
the vtTticnl i(Ufi|iort6 !i;ne hn^n remove*!, a l:il>iimr with :» vm 



rniiall t'lTiirt will turn Uic iKniy of tlm c*ii anmrul tUc liiiigLU uii 




Vm, 81. 






riTid the boTc will take & poBition rollowini; the elf^bj* Bide 
impcfiuin. If the bonni along tlie Hide nf the c»r h»d be^n pre- 
viously rt^nioreii, tlie enrlli wili fall to the ground. 

On the amnc principle is coodtruoted tl>e WeAem Hump^if 
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lUustraleii III Vt^. 81, wliidi hits the pit'iil. JLd\»utJitr;e ovrr Urn 
ODP jitsl tletf(;ril>e4l Uuil k ciiii Iv iliiiTi|)eil r^ii eilher nkie. In i\\h 
«Me ats(> UiP c?tr Vn i^innpfwi^l of :i foiir-wheele<l inick pmviiled 
wiih aa a^Iditioniil lonj^itucUnul cinittrpit^te u|»uu whidi a^st the 
Gast-iioit fi<Eii':U supp<^>rfiiig ilif* b'^ly of the car. As is clearly 
ebown in llie ftgure, these stjimla ure piii-connecied so that llie 
car may revol\-e on i^klior skio. Tlie hfL\ i-; kept horizontal by 
mran* of chains tjiiip it to tite truck. By iooaing one of the 
p\umfi skxid with a very einnll offort any laborer can easily tilt 
thi' n.it, whirh will oN-*triuni in ih? opposite ilTrrrtion, thiw iinloail- 
fc inR thr nmtcml. The t*hain fasteninip* cn,i; bt* n*lwv<od by thi» 
H fool ami thi! Oi»r dumped whilo in molion, Tho wdrboonU of 
■ llie*' car* ^ork auloniaticiiUy. oprninff nn the ifiido on wldrh tho 
' ■ 'laiupiriK >-■* ^lonc ami closing as :*eon ar^ the car ut n'tunmd to an 
u^ffifijil iKwUion. Thcac ran* arc built of dilTrrfmt 5ii*n?t, from 
l| cu. )ils. to 5 cu» yds, capacity. Another tyT><? t>f dun^pinic-Cftm 
u*it in €i>nn(-<rl ion with narrnw-causr railway nm rotary dutnfj- 
NiC'Cani, which may unload the nmlcria! not uidy im both mir^ 
lAtT' ibotfi- jii>t dewrrilKd, but also in fnmt and back. 8uch an 
^T^i^OQaDcnt i» very convenient for huildinii emlMinkmftnto tn 




>i... ^.^ 

"liifh the cars mu«t N- nnlonded al liw- fnitil nf tlic* sloprv Thorc 
is a iflTgp vahely of lU'»e car*, and all of them an^ ronHtniclccJ 
on tW Hunc priniripl^- In tbu conter of a four-whe<^l(Hl truck 
lW« a ciraubr iron plalfonn to whieh la pivot£-d an'Hht^r fhiii- 
^' riiii? atlacl)C<l to Ihr IxjftDm of ilu* body of Llw car, no that M i 
"iiay revolve around ile ct^iiler. If tho i^iir ii^ provided with a 
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dumping firroii^Tikcnt, it can W unlciuW m Any poAilion. F;^. 
82 shows the Wcfltum Kotary Dump-car, ITiis is prcnkleil wiUi 
a pivotal or ^wu^ng tlniw-bar, wliicli is pushed asule wi«ii 
clumping over the end. so that a much sleeper angle is ntuii- in 
ilumpiikg than if it wfie ii(*cc*iar> to dump over ttie liraw-lHif, 
The same automatic device for llic ciul-boanL is used on the raary 
CJir a.'* is iiPt-il on eurs (lumping sidrwaji*. 

All dumping-car?, tthatever Ihcir rorm may be, are- u^ubHj 
hauled in trains. They must be provided wiih hiimpern and 
chains and other connection^* similar to but simpler and of sraall'^r 
dinjcnraions than an^ uwd in ordinary rallrckai:! isaiik 

Thp moti\'& pow«<r uiwd in haiding ihe Lniin>9 U either honM 
or sff'jiri-locnmoti\'e«. Itavinp discu^stil Iraftion by hoiw* ir 
ather parts nf thi* book, it ti-ill hvt proper t« dovoie hepD a few 
wonJ^ to Io<ionioti\'es, Those air* sp'.H'ialiy conslruciM for thia 
kind of woric, iiro xory liffht* mvi economical both in cost anil ia 
running cxpen«*»i, iinil aro coni^tnictcd of difforont ehaped by 
various mjinufarturcra. 

Fig. 811 ehon-:* a four-ffouplcd locomotive buill by the Baklw'U* 
Ij^omolivc WOTk:5 of i'hlljulelphia, I'a.. for the C'olormlo Fiid arfcJ 




Vta. S3. 
Iron Company. Tl was built to run on a 3-ft, gausr- and ic* tot^ 
wriE;(it'Wa* 20 tons. It^ principal i!iniri:^on# wen*: Diiiuiel^' 
of cylinder, L^ in.-*-; length of sirokc, 10 in*.; distance betvfw?'* 
drh-ing-wbeels, 5 ft- 
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The quantity of coal consumed varies with the locomotive; 
on the average it may be assumed that it consumes about 6 lbs. 
of coal por horse-power per hour. The quantity of water about 

gallons per mile. The tractive power of a locomotive, accord- 
ing to Trautwine, is given by the following formula: 

Square of diameter of ^ Single length of ^ ^"^'^^ '^^'^y Pf^" 

one piston in inches >< stroke, in ins. ^ ^"'r" ^^^ '^^1'"^'^ 
^ m lbs, per s(\. mch 

Diiinieter of tlri^'iog- wheel in inch<« 

The cost of hauling 1 cu. yci. of earth by means of steam-loco- 
motives is given by divi^ling the daily running expenses by the 
totaJ quantity of the hauled m!>teri!ds. The daiiy rmming ex- 
pense's are given hy the consumption of coal^ water^ and lubri- 
cants, and the wag(\s of the engineer in charge of the locomotive. 
Coal and water vary with the ciislanee run, while the wages of 
thp eijgineer remain fixed. Assuming thi^t a locomotive will 
travH 100 miles per day carrying lOUO cu. y<ls. of esirth to the 
<luiii|mig place^ the co?;t of hauling a miit of volume wiil be as 
foUotts: 

Coal MOO 

IVater K0() 

Oil,etc SO 

Engineer- 3,50 

Total daily expenses S9,;i() ^ „,^ 

iL -. r *L L I I- 1 \7:,-irr=0:OO9ct.i>ereu- vd-, 

yuuD^ityof earth hauled ma day. . lOOO ' ' * 

w nearly 1 cent per cubic yard. Olher items should be added 
IW will greatly increase the ca^t of hauling the unit of volume 
"f thfi material. These are, for instance, the wages of the laborers 
employed in repmring the road, the interest of the invested capi- 
tal, the repairs to locomotive and cars, which is not a small item, 
Ihe sinking fund^ and the superintendence. 

When a very large quantity of material hJis to be excavatei.1 
^ a short time, and the chslance to where the jnaterials are to 
w depoeited is lai^, it will be more convenient to employ Ioc<i- 
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motives of greater efficiency running on ivUndard-gauge tracki 
In fiucli caacfl thp excavation is mmic by scx-eraJ poff-erful macluneA, 
ami i\n*y musi Ix* MTVcii by n runliruums processiou of csts. vi 
lai^ge capacity. 'Flip traJrw are formed of several cars lieaiiS' 
Ifjjidt'd. .'*ni! conse(|tienUy it is necwwary lo uae a tractive forw 
of great cITiciency. 

The »1iiii<liir(l>guiij^ mad is built with rails and tics of ibe 
fiame dimen«ior« utied in onlin^iry railroads, and U conairufrial 
in llie same way. In caw tho work will not lasi for many years, 
it will be more convpnipnt to employ second-hand nLatehol boib 
for the rails an<] tie? ini^tead of buying new. It will cost a gi>'jit 
ileal of money to keep Ihc tmck in woiking order, since the nvipht 
of liic loconiotivc*' and lomJcd cai's will lend to sink the Iracs, 
Cflped&lly if located on lop of recently constructed embanknicDU 
or in Ihr bf>ttorn of ihr open trenches, Tbia is an impoTtanf itej;i 
thut will grcHlly uktcilsc ihc coi-t of hauling, anti it tifiould aot 
be forff>tttii. 

'ITie locomotives croployeil ai'e of tlip. raifnmd tyjM-, cStlirT 
wiUi wiitt'i'-i/iuk and fncl-iMii^ker iiiouij|*'d nu Uic |[H"OMjiiii\Tr, i»r 
riirni'd l)v ii M'pmviU" ii'iidn ;ih on urdiiiitry rai!it>nd.'* Sim*^ 
fh-nvy loeonifitivprt are very expeiiave, it will be* |H*rhjifk« ctiti\'(**^ 
nie:it to gt-t some *>f llio?'!' iliscanlerl by railroads fnr ordiaary 
rraffic, liuL the fldv.iiiliL^e of uwiiix stL-coad-hand niat^Tial will 
dt^jMMid upon the amount of the earth to be hauled, the oi^^ntu^le? 
of the work, and the lime in which Uie work is to bo completed ^ 
LooomotivGs, ;i^ a rule, are tliscitrded by the railroad conipani*^ 
whoo the yeiirly expenses for repairing requirwl to kn'j> iIlcr* 
in working order are very heaiy. In such a case, and ^xviaJl^r 
when the work will last for several years, it will not !>(■ (011^*1110110 
to Rcl diiHrardcd locomotives, but to use now onee of lighter ct^^ 
daic>\ ^ 

The cars u^cd in the cxeavation arf> of three different fj-pcs— 
the platfonii, the g<tndola. an*l lite [lumping cars, I'latforrn cares 
arp the Aiinplctst and Ihc most coimnonJy employed cam for had— 
tiig earth cscitvat<\l by machines. They arc .34 ft. long and 7 fl- 
witle, and when loaded thc>- contain alniMt 10 cu^ yds. of i^orth- 
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They consist of a heavy platform of hard wood supported on a 
double four-wheeled truck. Around the edges of the long sides 
of the platform there are iron eyes to receive short vertical posts 
which guide the unloading apparatus. At one end the cars are 
provided with a hinged apron made of sheet steel as wide as the 
whole width of the car, and of such a length as to abut on the next 
car, thus bridging the empty space between the two consecutive 
cars, and allowing a continuous support to the unloader, whose 
description Is given on p. 326. 

The other type of car used to haul excavated earth is the 
ordinary gondola car. This is similar both in construction and 
dimensions to the platform car, with the difference that all around 
the etlges there is a 3-ft.-high strong board to retain the materials. 
It is very convement for the transportation of materials to a 
great distance, since each car may transport over 25 cu. yds. of 
material at a time. But it must be unloaded by hand, and this 
is an expensive item to be added to the unit of cost of the mate- 
rial. The relative convenience of employing the gondola instead 
of the platform cars is obtained by an accurate comparison of all 
the items of cost in both cases; the greater number of cars and 
locomotives but the inexpensive unloatling in one case versus the 
flnialler number of ears and locomotives together with the costly 
unloading in the other case. 

The other type of car usetl in the transportation of excavated 
nialerial is the dumping-cur. Th<'re is a large variety of thern on 
the market, all covered by patcnls, which the manufaclurors claim 
^ortl great advantages. T!ios<\ however, used by contractors 
sre only of two kinds — one with a very Uniitod uwi'fulm'ss, while 
the other car is growing in favor because it can unload the mutorial 
^here it is needed. The ftim[)lcst duTii[)iuff-car is the one used by 
^Iroads for carrying coal. It is nniuiUed on a iloubl*' fimr- 
^heel truck, and is in the s]ia|>e of a trgu^h wilh tin' imeriur 
slojMng down toward the bottom, where it is f>n>viiled \\\\h a 
''^p-door. By opening this the material will descend liy j^ravity 
*od the car be unloaded. These car,^, howeverj discharge their 
**itenta between the track, and they esni be em])loyeil only when 
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thr (lum^np ia ofTcclfcl on (rtHtlea, othf^roiUe tJie mntorinJ 
ilcti within tho rail* will tjl^tniot iho traffic of Ibu roaiJ, 
m^qiiciitly thdr utility i« vi*r>^ fmal^ and it wiU not be fld\T* 
Tor the conlractoTS lo uffc them except id th<^ c«c of dura|j 
from Iff^Mlwi and when the rolling stock inay \x proWtied 
iwuiril l>y the railroad *4)m|>ajiy. 

More cnnvcnicnt arc the (lOwlwiD ^lunip-c^nt, illustrat«^l in 
Fig. 84. Xotwithstonding that iheae buv** been iotroduceil ixily 





a few yeare, they havi- met with the greatoet 8ucc«68, aiH 
alreatly extensively w^t^A by <' on tra titters, nulroads* an^j nuni _ 
compaDie^. Tbey arr* coiistnicl^Hl eniirtdy of eleel, an<i arr ilivide*' ■ 
intr* two e/>nipartrientfl whicli enn h4' iinloadod separately, lh«^ 
diviKioQ being iniwle by ii ^-^l diaihraiEni. The iKlvantoSfs 
thesp cjtrs arc given by the inAnufjietunT^ 03 ToUovf: (1) 
on JTferTimf. '<f iht-ir (uttilhr mnsitrwrln-u. th*y rlWfiATgC ftU 
of riialtTJ.^ huuJed a-* frj-i^hl, u>iinx t1j<" ^^riivily of the niB 
alone^gui the unltindiDg inmi^r. (2) Tliat tlie dtfirhatieing m| 
nitiisX:»Ji tw rf'hvL'^i'ii liy t*iiiii|]r*t«-il air, fllram. eWiricity, <? 
hand-puw-TT »t wilL (.'i; Tlial tlii^y uan be difehargcd on ri 
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or both sides, or in the center, according to the dilTerent manners 
indicated in the diagram (Fig. 86), and yet without careening or 
moving of the body of the car. (4) That a train of Goodwin cars 
or one car can be discharged with perfect safety while running at 




Fia. S5. 

wy 8peed» and the valves (floor) need not be replaced until the 
car Teaches the loading station. (5) If the cars are (liacharged 
*bile runningT they will spread the \om\ from 5 to 30 ft. from the 
^t; the width of "spread" bein^ regulated by the speed of the 
*^ (6) That one man in any part of the train can discharge 
fceloadafrom all or any number of cars in the train simultaneously. 




CHAPTER Xin. 

METHOnfi OK HAUMNO EXCAVATJIH MATKIUALS rw IXCLIM 

HOAl*9. 

Tbv. mi^hfK]« of hauling cxcM-Atf^l mat^riulB, w> tur iIr?i«Til) 
cfln }x* (>iji|)1oye<l only an roadft nrith a ^ade letv thftn S or 10 

or on roaiifl whose inclination U not uroat^^r than S pcrconu 
the m^kti^riaU an^ liauleil on car? runiiin;; on trackf?. But tn mt 
cus^^, on rioccimt of contii^uralion of the i;roimd, anil rvipv«ij 
in cTirryirig earih from bonow-pite tf> the embankment^ it 
jiJirinM impoflfeiblp to dp^tbp roatk with euc]i a small gnul 
anJ tlieii rnjciu'^erfl aiul cctniractors mlu^t provide in:!lin^<l romb. 

A prin^iiry ^rmKion oS the various means of hauling piaIi 
by ineans of inolinetl romla can be made aeconlinc to whr(h<T 
th<* inftt^friala are hauled up or Jown gratk. llic i]evi<^?« fir 
liaiiliiif; materials up grailc are ikj many and of such illffrrvnt 
s1iit])eA tliat it i* very Jiilicult to give the details of e^h odh, adI 
hrrc, llierefore, only the mo^t important will be denrriUH] xa 
ilhi5trale tlic principles upon which they are ronAtmct^l. Tlie 
Clitcago Unuitrtge Canal uics n wdrk of gnrat tna^nihiile in uiucb 
jJl i[ii' iiiaU^rijiU' excnvnU**! on th*' Utltuii it( ihe ejinal »VTe ratted 
up ami tk'posikii on thr j«jn>il*hanl;.'< mJ"ilh; Ihc cdgn?, and Diany 
different methoilH of haulliijc the mat^^rialh up indimv u^re ^m* 
pUiynl liy th'' (^iinlnii^tiim- Tlu'dPtailM of Miese ifmHiiiiruim* found 
in Chii>. 4S. Hiir^ hook, The Chianjo Maitt S>raitta^ Chnnjvi, 
published hy tlie Kn^ineering Newa Puhhuhing Co., vtbich «n 
be JulvtuiLagwjusIy con^illed Uyr more infonnalion. To haul mat«- 
Ha]« down jrteep inclines is a much simpler affair, and it U u^iuaIIj 
done by means of gravity roads. 

IT* 
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locUnes for Wheclb«rrows<— M'hen tlte h^uJiuj- h tlom- by 
of iviitcll>ajTow?i .iTAi ihc earth from ilic liottoni of a bcrron'. 
niiifli !** niiiii lo lUi: lop of an eni^aukmeiit imiiw flurJi roii- 
iliotpt lliol iin TtKul cnn lie Mj<-liht-il hoiwtoii iIkm? puinl^, lUf* 
plc^l miuiiki-r <»f nvi^JTORiliig rlit- iJifTriviiJ^^ of Jt<vel is hy itit^aiiA 
tied ha^mmA. Thfcft cfiiwHl^ iu hauling tlir rtmirruiN on uIli^-I- 
paaaing owr si plsak rojul Inc-liiKil acmrrliiLg io t1i4' ^Iojh* 
the cut, xud just vrjd« enough to allovr th^ pa»i;a^ of Iwo i^ hevl- 
wa in f>ppi»iie (lirocliotiB. A rope i^ placr-ri alon;; oim* side 
e ploiik rouil uncJ, poA^tnj* Llir«>ii^h ii ItomontrJ fdtt^iivi* iii tho 
of Uu^ mdiiir, n^un^t on Uio ottitr r^E^- of tlu- plojik rtMJ. 
«acfa end of Ihe rope U nlUicbcil a whcclluirrow, "Hie Inljorcr 
tug with the nnptv bnrrr«ift will n,-*^i,'fl tlic n*"cnt of ite 
mim, who 13^ pushing th<' kmdnJ barton' uj» tJic inf^lilL<^ 
\\*hrn (he iDcIination of the slopi' i^ £rrat<'r and ^onncqucmtly 
too murh plT<jrt will br iT'iinn^l to piinh iIk' wh<-<*lh:irrL>w up ihc 
pinnk roa't, nrimal povrr triay hf a.i\\ anUt^ unv-W cnip)oyL*i:l. 
In >uHi a case, at a oonveoient ili^iann.* fnim Oic <'dge of iln" *l"pc 
b plaocd a veitkaJ post (Kig. 88) pro\'^i(JrJ with (wo ^hvaves- A 
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rnfip «riUi on^ irnd attftrhnl Io n uIi'HImrmw in llir* tmUom of 
tbp PXttivalion pa«M?ft ovrr lli** upi^T ^hcHvi- niid :u*iiini\»i h hoH- 
jjontnl piir^tiiin by pa?ving arnmtl l1if> ItyvtiT ^hi-HM*. At iht- 
other end of i\v^ rtipe a faona? ii^ hitclitHl, aiirl in moving puTI« r)i«* 
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ro|>4^, ihua cAitfiofc t)i«^ •MOi'ui ot the whcclboirow up Uie 
roa<l> It w conv^-iiif^nt to biiil<I the tntliite higher than the 
of Uio i^L^kr, iitid rmltng ^'itli a pl^lfonn unilor lAhich may 
car fir weigcti init> whicli the €xaivrit<*(i inuk^n^iJd axe thwi 
Fig. KO elojirly io4itc-At<<.'i ihi* nuiiuiL^r of iiriuliiig niuCcriaJf 
tnclinn^. It "POfi cnifjloycd in Ihr coiwtnicUim of Ibc Loi 
Hlnumglinri) HftUwuy; on ^oiuv. Iininche^ of the Paris, Ijy 
McfliU'trancAn Railway in Frftnct, ujiii more rtm^Uyon the 
GothaM lim-. 

llie work done by nienn^ of whcTJfjtkrro^'B l»j as n njle> bIov> 
f*xp(*ti^ive, anil, on accoiuil of tht^ great tniprov«iiu*nt In huial 
nuLclilni^fl m tli«< laat {^w year«, ihb Htn^le nietltod of 
exi-avaled material* u|* tlip im^lmt^ is wry AeLlom einpl 
hui ill hoiup ir;trtieiJar ca*<'*, a^, for iiiAtanor, wlieD along the 
of llie road there is a Miiall i«olal^ embaiikincnt to be coii 
fmni I he niatrrial rxcavatr<l in n l>orrow-pit, ihw dow anil 
nirJhoil rnay still Im' fmintl convr'nirnt. 

Inclines for Carta and Wagcns. — To overconu* the sh^^rp 
fDn.'nrr i.»f Irvi-f r^iviiiui iM.iun^n thr gniumlHsurface and 
boUmii i.if ihr oxniviiiion, whrn ih*? rarih is njinovrd by 
and wagoux, mc*Linc<rt arv> nutd^ of t^urth If^ft iii phice. 
team *)f ho]"w*s hiuhed xn thr Khjif»'*<jf thf cnrto will fsoQitat^ 
movm^ of ihr vehiclf^ up thi' irit'lhu', Wlien iHe fnnjunci 
th*.' i^xrjivaiion i* cninplrtini lhi-*^> innline.t art? r^movM by 
ting fh(*in douri until th<*y becomo eo fihaq) that wbid^* oj 
pjL^s, am) ihoii thi*y siw out and removcHi by hand, wnrkii^c 
Ih'[ic1i(**, nntU t!in vortical side of the excavation ue 4>btmi»i 
Thia niannor of haulin;; excavated materials 'u commonly «ai> 
[iIovchI by oellar-ilii^pere in ever)' ci;y. 

A\"hen tlie work of oxcavalion is of puch imporlanoe tliat naflf , 
cars liave to be hauled ever\' day, and when tti€ length of lU 
haul i» eo ^iviit thfil more than on& team hai; to be cmployeil in 
hr^tpini; Ihc cart:; «ur mount the incline, ha^ilmg t ho carte by atcaia- 
}>ower vriil be foujiil more ci^nvcriient. In m<h a caa! a nn^ 
itnim rc^vcrsiblc engine i^ith a wire rat»e coilcti annind Ibe dndl 
will be pluced un lop of the incliDe^ Tbc end <4 Uig n>pe is pro 
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\\AfA with fi hook which engages the ring at the lic-nd of Ihr «liuft 
of Dir wugon KiflJiiling at the foot of thf> ini-liii^?. By tuniin^ thtr 
nif^im* thr- trin* mpo will mil :iriiiiTirT thr lEriifit. rhii>« |nil]iiig i7]» 
till- iiiHiiH* fhr rarW :uhI wjtgoii^ tugflhiT ivUli tlir Iicjivhck, ivliii-h 
sin u-A^k ■■luily, Ix-injc n>lii*vr-4l iif t1u> luml An eT!kj)ly cnr g»ing 
ifciwn iln' ifidiiit' u'ill nirry llir* rn)>!» Ut the hottoni of dj(> i*«niv:i- 
\m, Kt aat Ui I«* jiLiJichwl to u loHilitl ejirL. By lliis* mi-tliud thtt 
«Tit*r hiw *^u froni !2 lo 15 cara per hour haule<l up an inelJiu^ 
lOOfi. long and 20 ft. Iiigh; for oniinaiy caJculations it am be 
s^ucnnl that ont* car (^v*?n* fivi* mh»\Xf^», or t!2 per hour, can be 
hnuJftl, mukinf; lui avera^ of 100 carts |>er <lay. 

^'Iw-n the €xcavflte(l niaterial»s arp removefl by cn^ans of tip- 
ri» haiiled by hoiva? an*l running <m \tfO)l, nurrow-fflMigo trark?^ 
Iht Jiffcreucc of level bctwH^n the btHtimi of Iho excavation and 
thfUfpof the CDkba nknivnl i» lutiuilK ovprooniii by nK'^nvof plank 
n«i( ttmLtar to thosw emplnwl in coimfctifTn with whnlbarniws, 
^saeh a case, howovrr, two |)Liuk Totu\» hit built jwinllt^l to c^ach 
otter, and at ec»nit dlfitanc^* apart, umJ uif pn»vid(xl with tmck* 
«mii&T to ibort^ emplowl thrtjufthout the vrork. A rope is 
'^^'U'iird aloni: tltf plank roml?* iinrl U aiwiinirs th<* horizontal 
I»6itioa vn top of the incline ami in the jHpac<* lx^tw*?mi Ihr iwi^ 
rodi* by pawing through J^lK^aveM plac^'d horizontally. To the 
lion:iimlal portion of i]w* roj)e in hitt'lusl a homr whirh by monng 
in r^K' iliri'^'tioti ciujfti^a the a^ceiit iif n lii^-ciii lird to ijju^ rru! of 
ihc nf]w !Uid llie ilwcent of another *ar tied lu the ulh'-r extn-nii.-. 
1^ »pemli<m is reverewl vtlicii llic horsea move in \}w tt[t]Mr<i\r. 
dirrciion, 

Hil-i niiinmT of hauling ia luit liic tnoitt f'r<i|ioniicjU, bui il (■an 
be weftilly eniplitycil in c^r^tlnhi v^pctjlal caj«^, h34, tnr ini^tuiin.*^ 
i^fnti all tlu^ balding w ihint* by iimmtis of ttirs nuivi\] bv horsc-s 
ana Ipmporary narmw-|fnn^* mad and tlm rinlwinkim.vit built 
•ilh tnateriaU tAkrn from InTrn^w-pile ia ruit very Inrgc; when 
Ihe work b done in hioalii W in \vhii.*h lalmr is chfap. irr vh<*n the 
"nirk is< «o loPwU'd that ihe ecnnomy ubtaiiwd from I}u> t'nipli.y. 
p>p|A of nw*eT«L«ica] power will not compensate the expense of 
tmiFixiniag and settiug up a Diec^haniral pUnt. » 
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ThL' qtiaiitity nf iii:it4-mlK liaiik^J In ihi^ tnaniker vnriis fnn 
TO 1« 75 cu. y*K pr *l!iy. For surli ud fiutput iwo hom-r* iwf.l 
drivers and four bbuTt-Tv, fme at tuich end of the iiiclinc^l roicb J 
arr irquiml. If 55 Ix' thi' d.iily co*t of hinng iW two hor^f^'oof 

y<l. of iiLiLt^riiil will vary Loturen )4 ruul 18 eenU. 

Ariimrd prwnr 1* not ;\ilv:mlageous ttbon Ihv quantity of 
enrth lo be raised is largo and ^lien tlio co|m*ity uf the car* i* 
leea than 1 cu. yd. In ttioh casee it \ril\ be ncoe^ean* t<» ii» wtw 
power. The Fimfilept way '>f iiiiulinfi <^ar* by ^oatn is i<\ biutd 
incline<L roa^4 i'U|>|}oHin^ truoI;>^ cunntct^ xnth tlio^o at the ti 
cf thr f^-mbankriit'nt and nt thr biiltoiii of tho excavation. »U 
coDvtni^nt di*tunci* from th(^ l<>]j of tli<* incliiMf is located a 
drmn rt'wwble h<n»t intf-i^nirin**- Tlw hoiMinf: rope coiksl afoi 
tlw drum lit ]>nv\id(*d with a hinsk :U il;( fn*e end- At the h 
«nd of the inchne a train is formed by uniting Icw^lhtT 3. 4,orl 
care, ard \ho hofV of Ihi* hoisting ropo i? faM*ii<-d to x\w firrt 
By puttliif! the engine into f-ear» tlie cable will coU around 
drum, thus causing the care to ascend the incJlDC. Rj^tiehinfr 
top ijf the cmlKinkment tlic cars are shifteil onto th<* a;*)ildi 
ami the niatcriats dumped in the irquircd place, Ttic il^Menl 
the empty cars ia flc«oinph5hrd in exactly the same wayj a 11 
18 formed and to the rear end of the ln*t car « ^ttaclicU tlit hoA 
of the cable. The cn£in<' i--* llion revem^d and, on loonn^, *hff 
cablf* ^iil lowiT the nti^ down tlm incHne, th\w piv\¥nting tktf 
rushing down at great i*i>eed. 

Tliis inaniier i>( hauling is very rninriDidy cmpU^rt^ii in ^i 
of any niagnil Lide. !t ^^'jia caipioyi'd on Minu^ ntcxitni^ iJ 
Chirago Dmhifiti^e Canal, where full ttTiLis y/.-&tv. haiilnd at 
Ui llie m[ji»iM>mik^ and. more recently, it has hepit ii*d mi H«tl 
13 of the New Voik rapid-lniiifnt roa«l lo haul to tU* »i 
Uk- Piaterials excavutrd in the tnnnel nrjfth of I57lb Sti»wt nV 
CroiulwHy; lhen\ liont'vrT, only one* car uL a linw wob luiakiL, ' 
91 rnrvi? ImJei^ pmsided nt tlie Top of tlie Incliite nlx're the eirv 
wfit* shifttvl uiid t^idf- Mucked until a Iniin u:i^ furiiit'd uml 
in lite dumping place by a duiiimy -engine. 
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Thr irfTicirnrir of i\m nurlhod of hniifing cip]H.'nils upon ilie 
fenpth :ir<l gniii'* 'if thr m<"lii«^, Ip p^m^rEil it cau bv «iid ihal 
bim 500 to €00 ciu >iU, of nuiUTbl niii be liualcd up ld :t day 
)d( ten wiTTkmg tK^iinc, 

BauHng by Endleis Cbais. — Anotlior □if'thod of hauJiug 
si Can* U|» ifioUufs U by njeaiis of aw cndle^ clmUi or win- 
Th*? iiipUiw is Imilt wide encu;:h lo cont^ii n tlouljU**! rsirk 
ooe Creek Wuit^ uaod for the ascemliiif; cars and the otlx^r 
ff>r Ovp descciwlini' can*. When the endl*«» chnin is tis*?*l 
passes in tlie center of the tntclci^ und ul ihe two euiU of 
it! bcliDe^ revol^'e8 around a druiu provided mth & gear who^e 
'(''IIl ffra^p the linki- of the clain. If one of Xhii dnmi»i be moved 
b; liorw, etcanL or olhtr inoUvc [xiwei-. it will c^uw tlic chain 
totravft eontinuotttiy Along the Lnclin^--<«. txud the C4irH cittfichod to 
if^rham will ii«cnU one of the incline?* and dcacc*nd the other- 
^Vn triBteml of a chain on codltN-i rojjc i:- u.'tcd, no gears arc 
ft^immj, hut ibe rope M wound two or throe tiniea ar^Jund the 
t"n?r dnini eo lut to cauM fnctioti. and at the othiT cud of the 
iDcliufil i^coUc^i around a fJywhwl moved by a ."twnn-iMigine. 
I'lpirvc^ot friction of the chaiji or roiw in it;* in\-v\ along the 
lAcbr-s it ta impportcd by rthcavcn plac'iTd a few fret npsirt and 
Iffiwceii Uic raila of each tmck- 

Hm." attachment of thr car* lo the rn<llr-w diidn cnn In* vx*rj- 

ttajily matte, ain»ii?(ting only nf an inrti bur tuiwhig tlinuigli llic 

^l liumppr fif ihi^ car ^rtd fitting inj^iile l\tt link of the. rhain. 

WWn ibe car h-i^ n-aclieii thi* UjJiier einJ of ibi' iiidiiU', r.lic (mn 

bw i« liftftl jind ihp ininnetTliiin wiih Ihi- dru"Mig-i'li:iih di^'on- 

lin«|. A brtter and safer manner of e^nneeiiiig tlie car* with 

thcfhiin "T wirt- mjie is lo ^mividfr the drlviiig-ohiihi or rn|>i' with 

bultot*, vrhicTi am Ijt- nimie of Mwrl wires placed <evtr\ 20f ITj, or 

30 ft. aiarl. Al tlie front of the car there b a bar ending with 

an iDiwtecl V. Thi^ is mLvIe in such a manner that it allov^s 

tte paaan^ of the eliain but not the? buttons; the^* ^vill hold fa£t 

ikt tan and draiff tbcm up the incline. By niHiiig thie Tork th^ 

COnn^ion with the driving c-htiin or ntpe is disi.'.ontinued and 

ibc car may be ft^'itched to The tmck^ Itnding to tho iluniping 
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phctr. MoUifir wt.y of connecting the care lo th^ driving 
is by mtsins of a grip. 8udi an i^xpcoEi^v ananficiiicDt nwy 
fount) ufti'fiil, f)orhA^)e, in continitou^ worke, m^ in minee, lytn 
in Irmpomn- winrks auciIi ii£ mrthwork rxcavalion, and any fuitii 
dcwriptifiii will bo omimd, 

This Diujmer of httuling cara on sleep roacJs is \TJy «Jil< 
efnplo>'cd by cnginwm and contmctors in overy-day worlw 
excavation. It muy Ix^, htm-cvcr. found convcoieDt whdj a 
large quantity cif inatcTioJ has to be bault^d and comi^yc<t to \\ 
spoil-banks vritbin a vi*ry nhort time. In such a ca^e the nonJi* 
tions of th^ work will rrj]uirr Ihi* ujv ftf many IracLt THtliotir 
fpora tht^ nmiff of ihr indinf :< to thr vnrifius |>oint« of the e\?iv 
&tm ojid diintping ground^- 

T}]*! HviTJigf* vi'liK'ity f»f Ihr liriving rhain or rope is about Aft 
p**r second, and slnre the eaiM may follow each other fmfdy il ^^ 
diitt&nee of 60 ft. npari, the efTiciency of the a|)paratu» vill ^. 
5 oam per minute or 3000 v^rs [y^v day. Id practioai Vktitk it cmj 
be assumed at 1000 cjit* of ] ea yd. capacity and consoquwiil/' 
at about liXXl cuh yds. |3er dav^ 

Hauling by Tniv«)iBg-car«,— The caxs hauled up bclincf 'u 
the vorioua ways dest^ribed are the usual dumpiofs-eom cmplori 
for h/iuling puj-poHt^ moving on narrow-gnuge tracks on hori 
nioii^, Thej' have bt\*n employed even on slopes of I lo 1, wil 
a velocity of 6 ft. per minute But with greater velocity 
rtt^^piT slopes they can be easily overturned* thus causinff « 
deJay in the trjifiic ami seriou's trouble. Then instead of altad 
ing the cars directly to the hauling cjible, it is more convf^nirnt 
to plac« them horizontally on n plntform of a specially constructed 
car, whicli is hnulcd up the incline by mcana cf a cable railed 
around the drum of a rcA'erstblc hoiotiDg-engine. 

Tliis sjwcifil car, illustrated in Fig. 87, conm^t^ of a F<iin{4( 
truck ifi whirh thf^ fnint jiJid rrar whn-l** nrr at difTrrpnt lexthi 
The jjlatform of Ihe nir if^ horl/oiUjd, >o that ils^ sicW are 
triangidur in fonn, and '» jmivided with trnrb* of the ftainc 
gaiigr- u.^T'd (hniirKhtnif lht> wfirk, or with a lumt:tb)e 
the rrta!4.-riid Uj he liiuilrrl iviiivp^fiiA fmm difTm'iii lines 
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miwrl bo <IL'*chiifK^I at t^arious poinU, Tlie int-lifie i^ built lower 
than tho pimi of tJic oxnn'nlion, in unicv ttiftt the tracks on Ihc 
|>laUonu of the cjir may be Du@h with those on the floor of the 
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mavfltion- The upper rrul of the incline wilJ aliH> ^>c lower than 
tlif plane of tlic rails leading to the uptiil-lKuika. 
I Tim method is foimJ convenient when hirge cars are u«\l for 
I Iwdoig |nirTKiFvr!4, and it is eiiiployet.! ii]w in slopes of ^tnaller 
I iD^Bfttirm ihiui i1hiw»- imtiealed above, 

I GravUy Roads. — So far only the ejiw^ in wliicli th(f exeavatwl 
^■StAlmuk have lo \ie raJHetl (mm (lie Ixittimi nf h pit or tn^nch up 
'w rhp cnihankmrnt or ^ound-surfntv hav*^ Ijeen conjuderetl; but 
HwTe aro aUo cases In which tJic nidteriaJs in ordpr to reach tht' wju^te- 
bwtks rauat dewwnd an Liiclincil roa<i. This is acc^oinpliNhtxI by 
C^iofl of gravity rotuh in \\'lueh the loadoil cars de^ooiirling by 
Mr own wc-ijtht on aji iaelineil roa^l haul up the ert^pty ouea, 
thn csKiilLiI parte of Rravitj' roatls are chain or wire rope to 
•^iph the cars* cire oitacheii iin<l a *\nw\ provided vni]\ a brake 
lOffpiJxitc tht fl|>w(i of the cars. Around this ilrum is coiled a 
pcniou of the driving rope» The attachment forniing tlie eon- 
ittiion Ijciwfcn tlie rope and the care may be of any t>f tlie di-^gn« 
''''fnJjed alreaily for inclinefl employed in liaulinp up nmli-rials, 

A grnvity roa*! commanded by an endless chain wn^ ein- 
i^tfyvi at tlie Moibuie portal of the Mont Cenis tunnej in onirr 
to canv t'l lilt' ^|Hlil-lMUlks the niat«riab exeaval^^i fmin the 
frwit. This coiiniflted aji usual of two parallel Iraeket latil uu an 
"^W, lu the middle of the traeki^ waa laid a chmii encircling a 
'^^^'inff drum at the lop of thi' inHini* and aiioihiT n-tuming 
^njiu at th^ foot of (he incline- Along the Incline thi* ninning 
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Ihi" trucks. TiiL' ilruiiis wert* j>roviili't] witli t*riU tiign 



tinlu uf llu* ehaiji 



lI(k1 b 



used 



Serti 



of th«' mjml-tr,">nHit raiiwuy. wh<TP tlw earth i*\cjivated 
{\tv tnriirhfs along Rru-ui'^jiy v.'*>» nirripil doini lo a ptnce 
tU" Hiiilwm Hirer to form iW cnihAnkiiKnt for Ihe ^xU'ii^ 
thi." RivcTFttl** I>nve In I^favelT*- lloulevurd. Various tuet 
were eii]j>luyi>iJ tor varryaiig down iIk' excavated ma 




^r RAULISO EXCAVaTCU «>TrillALe ox IXCLINKO BOAt>S> iSl 

^Bbl^ill^ SIM] iMralkd \a tlie cut. TItc t\cv\^ for rr-^ulaUng 
r tk t!mr»nl nf tW imrs wiw locatn) aJhjuI 30 Ttn fiotn iha; incline. 
^^dl irituwiitf (Fi^- 88f of two gToovTfl wIrtIh 4 ft. in fliaiiiftt-T nivl 
^pSll HjifUt, ii1:ici^l lunt^ludtnaliy xikI with tlir »\u< nl fhtr h^vtii of 
r tk fTDund. Ttie wh<x'b tiiul f1jingc» fOirroiitiflt^) hy wooden 
m InLv ^iTiilar to thi»?i' iniiiilnyril in !»ii,>4f.in;!'i<ttginra; Ihi- lirnktrs 
1 ViTeconuiuui^teii by Ii;m'lli*j4 WaCtnl kIhivi* h iibklfiinti in fi Kiti^ill 
■ fnin; ttuliliii^ whr-nr iIh- rt|]i<ntiJir xUmi], mid \tlu<rf< from a liirgu 
I viiiilmv \\p v*y\iUl ('cviimiinil :i viinv uf thr utioli- iiirltni'. In front 
I ^ thi* fruiric htithiiiiiz wtui lUiotluT ki"'"'^"! vih<i*l ,'i ft . iii iIIjutjcUt, 
I Jt^atwi tnuDiverix'ly iiml hi^lirr ihan the iwo oilurs, A win' rojw 
f *'«* nU«h«l lo iii« di^oondin^ oar, p!W<>il over, iui'I wiw wouiut 
■M^xinil imr <rf Uit* hnfiilAwliiuii wheels, lUcn from umlcrnoiilh the 
^^^^Mb(H'] juudeJ over Uie wheel placed irajiri\'crsitly aiul from 
^^^HpUlrnnmlh and ovi?r thi* second [oDji;ituillnA] whi*ol Eitid was 
'•• * jvr^oit to ihft empty car at dip foot of ihe incline-. In ihiK inmi- 
''••>" liw i|ftii>«il o( Ihe loa*led car wm regulatetl by tlic uf^cralnr, 
i' '^^ roani worketl iii the most wilUfaciory way anil wjiluutt any 
U OnJy two mllcro were placed Ik-Iwwii the Ipack.-* al 
I0|> rf tbe mclino, but th»^ were jnfiiiflicient since tin- rtjjw 

ItTOorot in the tic? ever I in. dtcp, 

Bell ConTcyon, An^'thiT rnethoil of conveying cxcjivalwl 

*^nvnalji np mclinf^ if hy nujinn of Mx cox\y*'yox^. These ctm- 

''^^l Di lieprVititif! the inntchalct tJinm jin cndieiM bell, whicli In 

^-fUvcling ctkirirt* Hum to n liicher <liatant paint. The belt nm 

'^^rr\ hori»inl£LlK', but as a mlt- it niovca in nn inclined dtrrction, 

^M i* tnnr^ i'(rt:ininnly employed in carrying rimti-rinl-« up Ut 

ii)j;kr jx«ntM- In llic dc3i*riplion of the New Kra gntd^-r a bell 

CODwynr was used for loa^ling the cars anil fominl aii i-nw^ntiul 

pari oflW machine, 

A Irll conveyor j:* maiie tip of aevcral ;uirlfl — the lult, 
ihc nuniers, anJ tlit? clrinn^ drum. The belt nmsl l)e of snish 
uiAli*n;i1 anil cniuitniclicin a^ tiot to l}e rn^lly irnrn oni by thi- 
liiali^rbl*^ llml it cairrk*?^ thi- ninner^ niiieit U* biilU s(j ;i;^ to }h- 
pprf*^tly i«»Lit*Hl frf)in \\\c i»ar(icliw of the carrieil rnat^'nal, otbir- 
w'lv^ ilifv will be doggitl, tttu^ pn'venlinf: ihr running of tlte bell; 
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Ihp ilrivlnp drum, 



\f\\ In uiimlly plartvl at Ihe boltmn c 
incline', cftii \tG dnv^x\ in iliffcn^il way* siecording to the leof^b 
of the conveyore. Snuill imil short ct^nN-oyors ran bp direcUy 
<lriven from linj? nhnftinf^. In Ijirger jmd lon^T conv^yoi^ Ih* 
flriviiig lirum can be ilrivnj Ijv lu'lt from Viup ^hjiftinjz running at 
mwlcnite PjK'c^l, which is fuHh^T rcilucod by large Urivni jmlkye 
on Q licwl ahnftj or it con be iliroetly driven by a e>'atcm of cog- 

fSmcc Ihc belt of thcw convpvor* nme rontinuoudy they give 
th<" moHt (efficient wnrk in cnrrj-ing :iway mnlcrinlti rxcax^tcd by 
iiimnFt of mjidiinre wi»rkitig coutinuciualy. In fi paper n^ 
iM'forr- llii- Aiiuriran Sucielyuf Civil Engineer*, J;ily 2, ISSft. Mr. 
Wllli^ini riumb VVillbiiiH tlius ileBtrribeil a. Ijell Hmvoynr u«^l is 
pnntierlion witli a (iowinUgging machine in the cofiAtnirtitm oF 
iht*- PtLuanm C^nal: 

"At Ta.vnniUa in connection with the einUe** chain nf liutOcPt 
excavator was employwl a t lan^porUT. A inisp of 500 ft. Infl 
li'iiRTli was suppcirlfil at oup vmi on (lie dprfc of the exca\-ator 
and extem-led at right anjiL's to tht' fun?-aTi<I-afl line of work, th« 
oThor end bein^ supported upon a traveling ilerrick aiid car- 
Tlda trufls was 6 fi. in width and 10 ft. in height, and aji eiHllctL^ 
belt 41 ft. wide ivrH.*ivi.\l motion from ar in<leppndent engine o^ 
the excavator, Tht' ctmti^nt* <if tin* biif.'k<an of the excavAior^ 
^i-ere discharge'"! inlo the hop|H-r »nd out on lo ihis travi>l]tig b^k^ 
thence along mtr top nf fru?^?^ unlil th(' emi wiis n^aehed, Vp^beiij 
the brlt S""^JI **^'*^^ ^^^^ outi^r UinililiT, ifft nontciits fell to tl 
j^Tound- Tho outer end ol' il>e inifls may be mide<l as hiph 
30 ft- fnwi (he prouad, piiviiii; room for a hxxyf.' bank to fnl] v.ith-i 
out 'ilislnicthii; the pasaape of derrick car from llie dt-brif fhdi 
lownnl Ihi' niarlane, 

"In thiB work the excavator was di^rinp 'iO It. belo^fc" tJ 
jail of tlic car; material waj~ caniod itOO ft. di^tniU and eWalod'l 
a tot^d of ItO ft. This necemiaicd ihc keeping up of ihi 
trftcka— of excavator, a track of platforni car supporlinfi belt,' 
engine, and ljoiler< and a track of derrick car. In addition 
to the rtfolar crew qI the I'xcavator, then; were un:d one man on 
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\ht (lemck CRT to pirserve a conBlfint fonvani motion up the 
Imck with the excavat^T, onP oiifrincf^r on tin' plalForm car to 
npiUili* Ix*!! etijfhie, ami one fuvTuan «-iirli oli ili^rnck vtir iuilI 
pi!ktr«>m) ear." 

IVll tt>nvft\<»r> urn* nlf-o riii|>l<nfil in liaiilin^ (In- rtiulrri»Tft 
elea^au■<l from lUt* buxtoni of the cariaJ to t.lif wiunLe Uuiks in 
itie eon»tnictioii of tilt Cliiengo Dmiiu^ Oftualj ariil vrvj^. (1<>- 
ngiwcl by Mi. 1.. W, Bnlr,-* nf Cliii\igLi, Tlirw* tvmniHl.ed of ;in 
rntllva* niblx*r l>plt 2'-^ in'*, ^^uU\ pjiwiH^c frotii :i driviiifi Ktiifion 
en ODA bnnk nf thi< cimail tirniw tn thr- <illirr stUIr, stlong a truss 
over the fixnl-bniik rmiut\ m\Uihh jiullj*yw nl ihi^ fnrtlw?r end of 
Ihe tnnw ami bci(*k n^uii to ihi? i>owi-r hIelIJou ihj tho opposite 
bonk^ Tli^ in^UilInl ioit on vtiv]x siili> wns moiint^nl on trarkr:, «o 
Otti It couUl be ai!vunc*d ns ilie work prttcuHa-d, The b*'ll w;i* 
kept k»dod by & steam-ehovel with n (jraruilntinK aiuu'limont, 
inlo which ihi^ parth wcis (lelivep?J and reiuce^l to a suitabli? con- 
dition bKort* Iviiiff diecharpecl upon the bell. The (klivon,- 
cji|fli^ity varienl from ^00 to SOO cu. yds. ppr ten-hour shift, not 
n hifih duty. A l^'rilor in Effjineering eonunonled on the f*xU*ii- 
Bivi* rluinit't<>r «( the plant and ihp eoelly labor, rnici^ h rerjuiroii 
a MnJ foiTP of 13-^), about half of whom worn ekillcd woikniori 
iniil from 52 lo $3 a day. In tol wciUIkt it wna fomtd that lln' 
belt ditl ijol arrvt* the purpow nf ('onvryiiyc effieicnllv, and only 
under favonible comUiion^t could the 4-xoavutirjE; and granulaling 
machinrr>" be wxirkcd to Uic full capaeily. 

In tU^ l:«*t few >«ai» another bc-U conveyor haa l)een placed 
on the. iiuirket, and La« found a ver>' considerable employment in 
pnl>Vu: W[>rk^ and its iwe iji daily rxtendir^. It is th*' H"bin* 
Wt roin'(»yor conirollcil by the Robins Conveying Belt (.Vjiiipany 
ti Ni-w York. Tlie Unbini*,. like other Wt conveyorfi, is cuni[j(»Mrtl 
rf Uj^ three eHsenlial j«irt»— the emllew Wit, the mrmen", and 
llip dnvinj; dnnns al the f'imI of \\\r iiu'litir, Tlie Wtt i* ni^de of 
(Vnvas coveivd with Inyrra nf lublx^r l.hii'kir al. iUr n-ntrr ihun 
W llie mhm^ lhii» pnjr^T-tiiiR tlie In-h nKiiinHt, tin- nbniHhfn of thi^ 
tnaterial that lnivt»I* U|Kin U. TJie nnini'TS, or idlers, a** On^y ^rc 
^^^, an* conLpi>?«'i1 of three easi*imn ev!imh^r» arrangtil in i^nch 
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ftnunikef ho m to fomi ix trough, thus prcv^ntm^ Ihe nialerids 
traveling on tho b<*lt from fulling on the Bitlca arnl cloejnng t^ 
ruiuwTS* iflf;. 80 Bho\%'4 the urrun^tnunt of the trough idlen iu 




Kiu. ^, 

the RobinH coo^'oyor, and also iho ruiiapm below to fooilitafo tlal 
return of th^ bolt, When earning wrt ami mudclv matnrUl^j 
which easily Mivks to the belt, this conveyor is |>rovidttl witJi 
1>niah umleniealb llie driving Urunk at the ti>p uf iho IncHni' a-Iim 
clej^na ihe U-lt i)f any mulcnid tliat may irau-iin atlachtil to tt. 
Tlie U<>bii»B hAt conveyor wa» iwe^l by Hcwrs, Myttn A IWki 
ill f xciivatirg for i!ie founiiatioas of the uew 11JCI,0P0-11.!'. |v<r\»-<-i^j 
hoiw; i>f iIm* New York (las ami l^eclric M^ht, Ileal, ami Tow^ 
Company at Tliirty-cightli Stirrl and \^M River, New Yoik. Tlil 
plEiit C"vpr?i ?iti ruim c'liy bkick. llie work t%"W clone di 
very culd vit'atlier, lnrinj|: commenced in December, 1899, 
finifllietl "m Janujir>', UMW. An open trciich 7 ft, deep n'a* <)ug,i 
running Oirongh tliM ft^nh'r cif the Int. Tn ihis tlic conveyor wa» 
installeil. Aeroru l.hU livTjeh three hrulgr'*i weiv laid with a hole 
about 5 ft, square in the eenler of eaeh, witii chutes leailing frontj 
tliese lioles to Ihe conveyor. A large nuniber of wherl *rr«] 
const^tly |»!istiinfl; over these bndfi^s dnnij>etl Jhcir Iniwl* iiil 
(ho holo*. The inaierial UM onto tlie belt wlii**h earfi»yl il awuy, 
ninninfc Ic^x^l for the greater part of its lenjith bui takhig a ^-eni 
eal cun'O of about IIX) fl. raiiUis as it approflched tin: riv-er unl2J 
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c4 'JQ ft. wii-4 attaimv). At Uii--* jioint it tHivcretl the 
ifUt) a 111^* IahS^, whioh vb'hr-i: filK^l vtxii^ towrU out lo 
iCUid rluiuiKxl. ThP oon\'c?>or ivua ilrivori uX lit* hwi-l oimI by 
[uaU horiiontal eiigiiEic. vcr>' little |x>vn^^ tc'itic rc<iuiml. U 

lljy. Ijtiiic coiiJ^Uialy itumptHl upon it, but i^ iirvcr causiM u 




It'll stoppage (luring tliff piUire work. The width of ihe 

u<Aa 30 ins, and the atrtual (luaniiiy of niateml rf^iiinvi-d 

rfcd 1200 CO- y<i&. ]ier ilay. "Hie work was so satisfactory 

tbe contmctont dwljir^ timl lliev will nmke use of Uie Rolniia 

conveyor in any exi*ftV!iniig which ilu-y nief»t \^ith, prcvidcl 

lurvc that tlie coiiditlon^ aro »;uital>]o. 
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CIL\PTER XIV. 



VERTICAL HAULIXO OR HOlsn'ING OF EXCAVATED HATERI.^ 






A DiFFCKCNT mcthod of h&ulmg roatfrials i* ein|>lii\iKl vrhen 
the Ikorixoiital distance bplwrcn the cut and fill is xrry m) 
whilp iUc vrrtical diNUncr '& ^jrat, or whm a girnl difTnmxv 
Icvrl imwt \k ovrn^rmif in onlrr m sen*! ihr PxcHval«l tiiatcnd 
to Ihi- filU, tJT .^pml-lmnW In mwIi a c^w it i* wry (liHinilt » 
nitiMru(!t [nf-lirii<7(, mid tl iti prvft-niblt* to hnUl or rai^e Itie niAl 
riJils i-itliiT iliifi'.lly nr Jmlin'^'lly in u ^^»rl"n'al direetioQ, h 
tvntiiil illrtHrt Imi.Hl.iiLj^ wliv'ti llw liiK^kc-tn contAimng the nuti 
an^ nttar^littl (lin>ci1y to ttie lioiKi'mff-oalili' of lhr< maohlDM, 
iL is li^nnrHl inirtirnl 1ii>Iftiiri>; wlicii lli*' C3ihl(* is nttscbed to a p' 
form or m>mi> olhi>r *:levic<^ upot\ which anp plfu^ the cars e*mU 
hilj tl«» (^xCiuaU'd mfitprials- \f^\n, elllif^r iliroct or mtlii 
lioistinp can bo done by machines vrhicii viiivply r&ii« the jDat4>i 
in a vprtlcal direction; but direct hoietinK can bfi alj^ done 
macliitiea wUicU not only raise the matoriaU in a \'icrticaJ dii 
tion, but tmn^er them borisu^nt^lly. The prinr^ipol b 
machines are the wn<llaM!, horw>^in. and elevatora, while lho»' 
which both hoist and tmusfet tbo materials are oranc» and dc^J 
nck«, ^V 

Windlasa,— TTio Amplest and oldest hoietin^MnacJiinc is ti^ 
windlajw. Tim consist* of a horizontal wvwlt^n drum iiboiit 2 ft, 
ill diameter. \ia axis UduaUy formed of an iron ro<i which W pi 
duc<^d anfl 1x*nt eo as to form a crank at eacli «nd of the di 
In snine cawfl the drum emlj* wiih one or Xvm Inrjti' wheels* 
iii^hnl with iron handles. The drum i^ onlhinnly tiiade u 
thrw- wooden circle*- Nailnd around their riminiCi-n^iices ij 
are haivl-wxx)d etaveSr which can be cither close ti^^thrr or n lii 
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The tlnnn i« mjp|K>rl^I by two wrtical trumps. Around 

ftmtn V inAiixl tin* hnL-^tin^-rtrjK*, whicii Ua^ Tt« two i'thIs fjve, 

'o \\tefc t-ndn niv lUtiu^im) tlir I.UH'krUi cont.Hining tlif: iiin.lrr'uil- 

\m rDpi- KhnuU ht luiigr-r tlimv Twifif tin* (ii'|jtli nl which the 

li;Uf*mU nn* t'Xfl'jivjildl, U*rna**" U ha wimml thnn' nr four tirii'.'A 

Uifund thi: dniDi. the uimlliutf^ in o|«-rul<-i1 1iy l^%n l<iU;tx-n^ 

XI ttim tVii* cmiiica or tlie u'lii^k. To oblain the gn^^ti^^t I'fH- 

oJHtfy fnnH il>e wimllas^ U is necoaaary (o havf the axis of the 

diuni n Utile Tiif^her tlmn hatf tli^ lielght of an onl'inary mttn, so 

Ibat ihf* ImThtle of ilie wheel in it* hifiber position vnX\ reach about 

U>iJu? «hi>utdi>r of the operator; il is also necies^ry to hav-* at 

iWeocltf of ih* rop two bucket* of equal capa<:ity. The ^i-mdlass 

^pbtfed dircetly abov^ the slmft. 

ViaiUftaae^ arc ven' HTiI'lofn employed to-day except in c^isoa 
■^le a mnall quaotity of muteriAl w to be rcmo\'c<iLl from a tmall 
^h, and the work of excav-ation proceeds v<?ry fiio\v» as ie tlie 
^^ in ihe excavation of email pici«. As a rule it i^ aflmiltcd 
% wiruilaeeee are euiublo for holstinfc oiatcrialg frcni a depth 
^gr^t^'r thin 3A ft. and wlicn the total quantity of the mate- 
'U iloift not exceed 300 cu. y*\^ 

Tl^^ windb** i» operated by two workmen, and the cost of 
^MiiiK » unit of volutnr of material varies with the weight of 
Ue uuilerial and the ilcplh of the hoi,'^. "IIkj cost of hoistmg 
I ciL yiK of varioui} malmtlrt frnm liifTcrent depths ii ftiv-en in 
ir fidUivriiig tabic; the priced an^ calrubted on a ba^is of SloO 
>- id tco boura. 
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Horse-£Jn.— The hcirn>^n connMs of a verlicat sliafl 
vided wiih a ilnim at itn ti>fi, nn>uit<l w^hicfi in wouml the Jim '- 
rope- Two or f(rt:r nnpfi, dr 1^*1:1 ling upoii tlir nuuiher tjf li > 
ra1ploy1.1l ftg niotuv fHiwT, siTv fHinm-cted to t\m vertical #bftf^ 
whicli iH f*nllril tlw ilnnti whtift, Thr fion^^-x ar^ liitcJieil lo tls4 
»nnf TIk* cunrutniiKi nf ilic ttrm* wiUi tlw tlrum U muti- ^^^ 
nirani' df ff^rka which jillcw tnurlifin in o|ppcuitr ilinrctioDV- 11>^ 
dnmi Hhjifl '-n*!-* with sui irmi |>Koi at ^nch pxtn*iiiity, tbr lc«t^r 
oric turning: in a lx>11-ineial cup and th^ upper one in % coiU^r 
which i» usually la the middle of a beam loii^r than the am^ I 
and fixed to the f^round by Inclined prope. The bnam And iii-* 
dined props fcnn the etnicture which suppone the ihAft aj'*' 
cc^neequently the drum. Tiie drum carryiiifi ilw rop© is divtlf*! 
into two parts by & fillet, thu£ ^iepamtinj( the aaoendinj; from tlie 
deacondinj; rope, and it is fiimiehed with home projwtiiid frani 
top and iKJttom i=o a* to pTeveni the rope frooa workmj; off. Ta^ 
horse-Rin is not, like tho windia^?, placfvl directly abow but ai 
otic sidcr of the hoi«ting'plftCt\ The hoi&ting-rope i& wound anujW 
the drum in a horizontal poj^ition, but aftt-umcs a vertical din-Mion 
iiLsklc the fihaft. Thi« n^ obtained by paj^mg it over a rfjriiv-* 
placed on a trufw ju^t above the pit. The PEwliua of the drum 
should be pro[x*rtioiial to the length of the arm. the most iay^T^ 
able ratio being I to 4. 

The povitT of the hor-r-gin is, of course:, mucji greater ihna 
that of a windlru^ oijcralcd by hivni, buckida of 1 eti. y*\^ capacilf 
being eumincinly umhI, AccorlJr^ to Mr. Lauino, Vh-ho uad 
faonv'-giiis extt^naively in coiin«-etioa wllli tlic em ml met inn rf 
fleveriilluiiEU'laon the Na[jfiii Foggia Railtcnd aeniOA th^ Apennintt 
Momilain^. Iiorfle-^'inn iiTf nrt lonp?'r (^wmoimc,il hoiMinfc^rtiarhinf^ 
when r(/f+20)>r>jl00, wluiT r cquids The voIuiih- irf rU- niate* 
rial to lie licisteil aiLd // tH[UiiU tlie iieigia of lla- hotstj I)k- vri^ 
of the rxcavatrd mntenal \n.'m^ 2100 Hjfi. per eu. yd. Ah a geo- i 
eral rule, htiwever, it is jis^uoied thai it is not eccmoaUcal to 
employ borw-glns with a depth of howt exce«>din£ 150 fu In 
the following tables are giveu the cost zjS Loisiiiig 1 cu. yd. of 
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'^'•ww material from vsnotia depllks by cocans of borac-^ns 
P^tftiftl by ooc antl two hor-c* iv^pcciiNTty; 



^ 



uonBH-^rt («r£xjLTK£i m o?it n<»iiftE, 
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Glentors.— Where \»tc^ quuntttic^ of mutcriaU arc to be 
IWftl raiHuUy, it U generally coiiridcnxl iinrferablt to emplov 
fculiir* iiiHli^af) nf UniHliiig thi? skip* dirwtly. lWnlt»j4, tUi- 
b*li carml by elevfttots are much grrater Ibati lliose carrie*l 
B 1 9ngli> fiVip by utiter iiun^biiirM. 

Tlw i'ie\ator cr*iitfists of a car niaile up of jiii f>|ipn -frame u-t irk 
"wtof timber anJ iron, ti&^nng si pUink flncir on whii-h ciiMrnclw 
Inbrbui, uicl its roof smingntl fnr nmiierliiig ihr hnisi ing-ciible, 
li^iL rau^niction w iin>'»«ir\' Ui rr^j^Ul tW h^iifttin^ Mninjs, Tlir 
Un of tho car nn- ui:iuiUy fli'i^igncil in sUdr jigitliiM liitilier giii(l<*a 
ran ropM plariHl ajrun^. i\vr shaft wmIIs. Some fc»mi nf Aafety 
PiW, of whicU then' an* ?<i'vt'nil, i^ <*»]pl'wl lo prevrril ihL* f:ill 
[tin* vkvator, In cjih- tli^ ItoiT^iiug-ropo brtMk^ or some mUUap 
jnos to lh« hobiiii;c nvicliiit*ry vrhich f^faktiR^^rs the fall cpf ttie 
ir Tlio car U htii*t*^l by iii^atB of a wiw hoUiiapi rc*pe of tiwLal 
IMlTuction ami ilLiiu-h^ioiit). anU ablo to ^\fe1y remn the ivri|;ht. 
K bobitit4C-r<j|iG» liy tiioaim nl fiheavpi- locale*! at c<»nv(njknit 
ux^ fowHi'tt over a*Ml arfWiiKl the ilrimi of a hm*lmK-<'ugin<*, 
lkb musL be TC\<ei«l>]o, El^vaion* may be al*o tnovfil by 




I 



190 



KARTK AXO HOCK KCCAVATTOK- 



UoriieA, £L»il tliia kind of machine U confltruct^^d by the Anberioa 
Ho'wl and Derrick C^mjiany of St, Paul. Minn. Fig. 00 illiwtr»W» 
III*' H<rvator-car provided with tracks a.* ?)uiltby the Liilgcnvwl 
Manyfttctiiriiig Compajiy of New York. 

The plaiit rpnuin-d for elevatora 10 more extensive a»d cosily 
tliaji Lhe oiie reqiured for otlier ItoiAllng-maf^hiDcs, henrt; ihef 

!in* fiiiployc^I only nhen i\k 
wiiirnn} is lo )^ hoinlpd \n 
]?irgr cjiinnl.ilii's froiu a grml 
depth, and wheu the Btjrk 
will ext«nd over a IoQ( 
])eriod of time. This inan- 
ner of hcdstin^ is more auii- 
nhl^ for mining and luiin4 
ing, and te ver}' deldcfm 
crnplrtyt'd in ordinarv eartli- 
work cxpavntiona, but co'i- 
iTftPlon? coninionly ^mpioT 
cJc^-utors in [ioiwting Tiiotfr 
nalff in the construcUou of 
new huUding^ 

Cmiea. — 'Hw cmup i* a 
ni'>il<'ni aiul |n>wpffijl nu- 
HiiiiK gi'niTally fni|jloy^^t 
f»n' r!*iHiiigor lo^vvring lipaTT 
iv(*igliijt or for reiunvini; 
thr^tn from one position to 
iiiior.hrr- OTWif* an' c^" 
slnit'li'il fif ilifTrrent iiha|>f?. 
inil the riiuvl rortimfin I'Oi^' 
siAldtof an upright revolving nhaft, veilli i\ finiji<(<iii)g jinn or jib, liav- 
iri^M fixed pulley at the up|*erextrenjily, owrwliieh jjusjces one ernl 
of the hoisting-ropo or ehain. so as to reeoue the weighl, the Olhpr 
i'hd being uttuehi^rto a eyliuder pnntdnl wiTli wliw?l and piniOUt 
by me&ne of which the Mvight is mieed to the re<juirpd height. B* 




Fia. 90. 




VtKTinAL M\trLt\a Oft HOtftTtX<l OF ratCAVATElT MATKItUI*. IftI 

» rr^xtlTing itiolinci nf tlu* iiprii^lit fHirlbri i\v' Jcuul 4:1111 \m 
positeil fiD atiy Mjint wiltiin thi- ^mvp of tlir jib, 

CnuM^ :in' bvuU nf iliffrn'nr inUUTu^; r^mtr nf niirm liavr a- 
iTveil jib. irliilc in titlK'TH i\\t* jili i.h i ntKjKH^l of }i t^uiii^lii U'»tu 
Wh nui br ritln-r ?*iiTgli" or biiill li]! (if ililTr'^rnt puTiv-*. Iti 
rginl (o ttir iniPtivT |Hiwt'r t*iiiplim<i], cntritfs rjin W }troLi|ii'rl itiii*- 
DuvL- »n(l itinun*fnuii^; miuI IhhIi of ihese ain lie siilviiviiUil 
piin ini" fixwl iirni moviiM^' oranes. Fixeii craii**H ojicraed 
kihtt Ky hurwi cr by AUts^m niv usually employed on wlmrfs, fac- 
KWfl, utonme-houfles, ei^., while movablt wtcani-craDeg only arp 
n^oy«l by coutracloM in the ojcecutbn of iTublir works. Cranes 
iif\'er>* comimaily ('inploip'^iJ in Kn^^laml aihI Confin<?nt3l Rwrop**, 
IvJl ibey tlo not find great favor among Amcrio^n f^n^nt^r^ niiil 
taMnclon. Only t«x> lypes of crane* will h*} illwutratod b^tP, 
irit, ihe craJiP denifk atKl Ih^ If^oomotivf cram-, ami Ihf ir dewrip- 
Unn ifi given becauw tbuy an^ the ouiy one* ciiiplo\td in public 

Crtaa Dtrrick-— Thi^ Anwriciin crAi«* <U»rrick. tti^linguii^hcil 
fna tbc tiDi;livh ^cfLm-cranc <lcrrick, wbioli if^ a truD derrick anil 
•lU Ijc de«ribcil later on. coneit't:! of a vprticat nin^t provided 
Kith AocI bottom of uimai construction, and rrTilm; on a wooden 
Wick. The raast is kept vertical by means of (fiiys. At a (nVrnt 
iki»at iH-iHhinlt* v( tlic- hvl^lil uf r.lie tji^t U ilii^ bourn, \^'liirb in 
tafttbtj lieaim j>laicpil nearly bonzontallv* liaving an inwiml ineli- 
talkm ft> as to fsKilitale tbe descemiiuj^ uf iW wriglit.f* aloti^ tlm 
bawn towtint tbe mast. Oil the upper sHle of ilie IxMnn Mit-m 
irr Lrucks iu.-hle of ligbl r:ulj«^ u|>on wbicb rulU ihe trnlli^y tbat 
tudes the trollry-limf. The trolley \ji movrd towan! thr> T>ooni 
h^ by tW trolfpy-linr running on the i*nginr. Relra^ing the 
|ni31 on the (nillryliiw' nllrivnt ihe UumI I^) unno down thf inelina- 
ira of ihe boom towrinl ihe nuiwt. Tbc pngiPie lijw enrnplet^ 
fotrol of Ihi* InHilp niinbig it tip <"r down or nuivirig it imywhert* 
lie wilin: k^ngih <if ih<* Imhiul TIk* trfill^y- :iikI lioi?*iing-iines 
Mil paw tbnni^b tlie cnHting arid pivot ai tlie fuot^ a:u] tbenc-e to 
cioublc-'irum PUfcinp, 
Ttie cninp rierriek illiistrif^vl in Fijr. Ul U tbr on(* built 
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EAKTH AXD ROCK EXCWATION. 



by ihe ,\inerican Hoiat and Derrick Coni(>any of St. Foul, Hii^ 
ntvl is uf 5-t(in capacity, Tlic Iciigth of ihc ma.'*t varicfl from 4fll 
7> fl,, and ihftl of the boom fmm ^Ti to &6 ft. The lieigU 
tilt' Uji»m fn>ra llic ground varle* fnim 25 to 3ft ft. 

Tlie uw of 1b(* crano ilerrick n Utnit^ to the confitnictiooi 
wnlb of biuUliiigft, acttii^ colunma, inters, etc., ^d aioce 




Fni. n. 

boom iff i^nerally 30 or 10 ft. from Ihc ground it bandlos all! 
work for two sl^rios without moving. By wtting ap the C| 
d*'rri**lc on tt ln>stiework of niiy Cr»iivui]ii>iit height, any build 
cftiv Ije enlitcly compbKHi without ixiiio^-iiig Ihc derrick- ' 
«npiie Is umially lo<;atetl 'm tiic oellur or Krotmtl tloor, aiul ccotf 
tiicatiou IB obtaiiicd bv mcfms of electric belld. 
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Locomotive Crane,— The other cmnc erauiiir'nly (»niplfi\o*l in 
tafliiwvrk^ c^MTJatly in turopc\ ifithc k>comotivoemiio illutdmuxl 
in rip. Sy. Tbi:< uon^bl?* of u fowi^ivKri^od mm truck ninning 
on Imckfl, On the truuk is fixed t\ Inrjp' hf>riiirmial cf)K-whecl 
^\i(^ axi* i* fitthi into n eock*^!i of an iron fmriK', with won<I<m 
pWfnrm U|win whu'tuiiv plaa*il thit UiiliM-ait<l Uiet^r^rim'. In fn>nt 
of the mm tmmv ihrre in » boom trr ]ib hrar^l by mean^ nf iron 
rodi eonnecteil to \«rticnl iron ^laiuls^ iind Liett to the reiir of Vive- 




Won framr of Ihr* tnirk by ^lingitnLiI iMvrk*Uy mtlH prwiikd vrith 

lumbucklea Tlie boom or jib U maJp in <lifferLHit ways and of 

fUtfocvai matcnaU, but usviallyit ik nuul^'of rur\xMl iron rKCt-pi wIigd 

^«^*louC, llion il ismjukoliru'rffit^l stwl One end of ilw' hoisiinp- 

A^ k fixed to the upper point of Uie boom; tho chain nupporU 

* laU-htock, and after paiwiug on^r n shyttvc locak'd on top of 

Irxan, i* woun<l nn'unil the *lniin ri lh<? n.*vcn=iblr rricino. 

ttiis iibinnor the* iri^ijcht tttlfn.*lH*d U> llu' fall-Ucx-k ciin Ix* httwl 

l»wn>l at will. Thi' iiJKine is n> nrningcil tluit by puUiriK 

Wppofting thi^ |)liiM~i*n]i» [Ik- pJuUcirui and brxmi ivnd 
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consequently the Attiiclied vwlght turn a complfrto circle- Thii 
Tuacliinc is callfi! a liKomotivc c.nuxe nn account (rf hcitm proriiJol 
with x% aclf-pr<:i|x*Uii;g apparatus. M tlie niolious of iliis cnnK, 
via., t]ic tra\ielmg on the raite, the lifting anil lowering of the 
loads, aoil the turuiiig Mre jictunlftl by tittyim generated bj Uff 
boiler Btanding on the platform of Uie truck, 

JjOComotivD cmnefl are built to run on cither st&ndard rr 
broail-gaugr trjirk, ami t.lipir capacity varies from 1 to .To innf. 
yig, 93 ilhi?4tnilrff » ^tcm locomotive cmnc as butlb by Gmflou A 




Fio. 93. 



1 



Co,j Engineers, Vulcan Works, I'Jtdford, Rngland, while Fig. 93 
ivpreseiitH a IJ-liui Womnhvc CT:\nr built hy thf^ .\inoricati lloi^ 
aiul Ik'rrirk Cinnpmiy. In the locomotive cranes of AmprieiUi 
Imild tht* Ixiom is ho amnged that itjs upper |H)iiil may Ik* nii-**d 
or lowered by turning The liindiueklrs in iln- di^tgoiml backstay 
rods, and this inyn^iisr?* Hx* utility t*f l.hift niu^hine^. 

The effieieney of thr w<»rk of Thcst' irmelitnes x'firii-s wilh their 
eWf and an output <*( lOOl) i-u, yda. of earih can Ix' obtained- 



L 
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1«oc4»inoti\yr cram's aitr wtv julvnnU^Poiu^ly employed in ihtf 

excavation of 1n*iich(^ft In i\liicli tlir nml^riuls arf depoaited eilJiftr 

i>n <tuf. fliile uf ihe trem-li nr :jt miy |"uiit. sOunj^ (Jte lint*. A lO-Um 

bcotiiotiv^^ crimp wii« aiic(^*ifnlly iMiiplojwl by Mefl&rs. Furrt-ll A 

Hooper, the contnictoifi for j^ftions 7 niwl 8 of llje New Y'ork 

r*|/ul-tnniwi rriilway, for the n^iupvnl of the evmvaloil iiinleriaU 

from tlip IkjUdiu of the wule trench to the j^nrface of the street. 

Thh method of hcistin(? was praploye*! in thut portion of the 

nmk extending sIodk Lenox Avenue from 110th to 1 10th ^treet«, 

ami it wafl adopted because the rrane could b(? run awr the tmoks 

of ft diniM.'d *trcct-car liittJ running v<^ry clo^.* and pumllel to the 

edu' of ih*' tmnch, 

Thia liwoniotivi' <>r!»nr', dr^Herilvd hy tho wtil4*r fn Enijinffiring 
dm. :i, 1902), wue ImUt at tho JiuUisirial Works of Boy City, Mich. 
Till" car-body of llie cmiie was mad^ of st^»l with stlU of 15-hi. 
1 Wms aiid clianneU \wH connected topjether, and luul a dwkinK 
of *teel plates to carrj" tJie top, TJie crane was operateil hy the 
•^nfliiWB by meanfi of a tntin of l^evel p?arinR- To the frame of 
i>ie f»rane wtro eccitred the boxoa of the ehaft which worked Ihn 
'*^^haiib«» for hoifllinK tht^ loml, tlow-ing the crane, and van'inK 
t^ie jib t^Uu^. The hoUcr n-as -12 ins, in (iiamet^r and 9 ft. hiph, 
^ Tw surrounded lA-ith a ja^^kct of osbcsloa-wool and plai^isli^Hi 
''"ii- One side of the hoilcr carried a coal-burjkcr nith drop-door, 
**"le ibe other had a shcct-stcel ivntcr-tank. The crane waa 
Ttriifd by a double rcwrsiblc cnpnc with an S-in.XiO--in, 
*yfedcT, Flexible wire ropp wa? u?<*i\ in hoi^tin^, Thr capacity 
'^U* crane vftjwl with th<' nuliue of thr Jib, being 10 tons with 
^ t2ft. nuIiuA, Ti tons with a 2t>fl, nuliuA; aitd if ri h>iigt^i jth wtis 
T«nl, -tOOO lb8- with a ;SS-ll. nuiiua, Tlje total weight of (Iw crane 
lt«di via 66.000 Ihe-. 

Tie mot of woTkiiig with the locomotive crane waa found hy 
Veaob^ Farrell & Iloopvr to be le^s than with any other methiid 
^l brHMing- 'Hus f^-oiiomic a^Uant^^' witw due to the exiHlHiie** 
*A llw traeki^ along wluch tlif rirtnc cuuid ra.'*ily travel and with- 
^'^t interfering in tht* I'^asi wil h Hln^l irnfTic, 

Ihntck. — A h<H»thi^-ir]:tc1iiiie \'t*ry cmninLinly rinploml by 
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Aiwri^'jui enginM'TS Ami etwinu-tor^ In the i^Toocution of ptibSe 
wort:* h Hie ilrnick This can W- t*imply (kacribnl as oomposnl 
of & vf-rtiFftl niii^i rrt^iiig cm u fEKit4>1nck of Hpraiai «ooslruciicc^ 
and a lonf? movable jib or boom hinf^ (U the bottom of th^ imttt 
Tbo top of tbc hrvnti U h^lil by ti ch&ia or ropf> vrMdi paasee ovtv 
itufiVT* 1ocdU<(1 both fti tHe top ami botuira of thr msst, and i 
i5Ueb ft way tliat the boom may be ra^Ktl or )o^vr»l at iviU. 

Foot-Uock.— IV foot4>lock, whkh rroUy te Uw foot of 
derrick. \^ ninths t^ttrtly of cunbvr and pftrtly of ifun. Two aqoar^" 
bcant-t Ux Ti in^ ami o or 41 tt- lonjc arc pWnt on tho ^7<ouni£^ 
about I ft* ap&n. To tlicac^ timbcn is bok«d the boac-platdi 
which w imiiaUy nuwti^ of caat or *Toajcht iron, having on it* l om^ 
]Jart two vertical plnlea which BuppoH two sbc«%'efl aUM nf'^we^i 
imaudc they turn to a rif^hl nxiti^ tlie hmstltlJ^ and boont-li 
of the machine- On ihe wriiicr of the- baar-plate lljert la a boll' 
cylmder of ^at thickiie^. from 8 to 10 Iija. hich, and Mivnjrtli 
piipd by diagonal wrtical plaUr*, The ryUiirkT b atepfunl o 
about 4 iTis. in height in order to rreeivc tbe lioUow port <A 
tmiJft and 1iiMim-U»ttoni. whieli [lerlrctK 6( tiiln il; tlius alloira^B 
llicdrmrk tu Tfvolvt* on itM^tf. the cylinder acting aa a piyotof ihi^- 
v^r^ttrni. Fi^. 94 represent*" tlie iron part of (he foot-Jilock a* buiV J 
bv tliP Ameriran Hmut itnt] Tk^rru-V. C^'Oipanyi llw timber tx^iTif^V 
oiniiunt to belt(T iiidioitt* llir plntr' nn<l t*ln*av(^ which an? (lUftc::^ 
betVrTcn the limVwra, The ituott-bntUnu, ks nbovn in llw %ui«^ 
i» prov'ide^i iA"ith nn initi boi t** n-i^civr the kmvr etwl *4 lb*- nwiH - 
aivl it U fnmij^hrd wilh prujccLing \t\ni plAtr» lo whk'h an' bin 
thfi oilier plrtte* boIUsl la the e»d (»f llw Ihmiri. 

Uast and Boom, — Tltt* ni»*t and tuMim ai* uhhaUv mwle n^* 
gqiHif^ \'p11ow piiidj^ntiiu with a cnuw-<i.»rik»u v^irxinR from tX^ 
to IttXH* i^* '^^ l?nph of both l3ie mast nncl boocn vorin*!— ■ 
gn?iitly. The Iftngth depends either on tbe form of llie tiem-^^ 
or upon tho work ex|)et*teil fr<'m the oiTichiiK*: ^.^metiine* ■'^^B 
mast i« lonRer than the boc^ni, somettnio-^ iiWoad ll>e bocu ^B 
twice as long 03 the miwl. M»*te ami booni^ made of ^t ^"^^ 
^uaiv timbers ar^ Mnplnxxnl for U-nirth* not OTateT tlum * f^H 
For greater length, to pi*v«nt defWctioD, both Vhu woaA and. boc:JI 
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Wc etilTiMicd with truM&d rodi pafifonic o\-et a ctoaetPDe at the 
VfaKr oi tbo b^anvs or oL% Ihey arc made of BitpoTi[>r material, as 
«•*! ptpp6, pr latticc^l beams ma*ie up of difTorc^nl pieces jouuxi 
U^bor, wiuch arc amilarly fititTcncd wilh truased roiift parsing 
»»1T ooc or mort croostTvcd. In this m.inn*^r licrricks iiorc been 

IvaiU vrith mai^U 1^ ftn find booms Mi't h. \<iti^, rt^iicctn'ely. 
Wire Rop«s. — For ikitick vmrkf wlicrp t^lratvir*, bUfck«, and 

drumft are uecossanly of Himl! dum«^t«r9, tt ut tirt«aair to uae 




fc>m 



of f^at tk^\tbibty, lhuf« iwoiding fracture of the wiroe 
«tuirt beml*, Thuy are ujhhOIv m;ule of ^ix *»lraad«, nine- 
mt^s per Mniul, wilh herap Ofntcr, tli*' wires being of 
^ibl(- Of ploft' «iwlt ^!i£^ blUT Irt^ing Uic stronger ruid abo the 
'^^'^ c:<penflvcp The safe wc-rkinff load of the iviro rf>[X« 19 
^uitHy taken ew wto-fiftU cr one-fi<'\-f*rilJi ol the breaking loml. In 
tnble on p. ^o'J aro giv*-!! the diameter, weipht, and breakirif; 
\rorkms h)»^is of the sianiianl slccl hoialing-ropcs moat 

A i^rrick U aUe to nuikc three diScrrat IIlO^-cIIlCDt3 whkh 
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am ic^ul&tod by different roped: viz., the hobtbg-, the iMom-, 
and tbo slowiiig-rope. The hoidting-mpe h&a one cud fii«l mi 
ihe top of tiie maat* and thr otlier eiul lo one (if the (lruin» fi^ 
the engine. From ihe drum il g;nr% nmimd one of Hie sheaws 
of tlie foot'blook, arul tunitrig crver luiiillipr ^mii- lociritvd netf 
ibe foot of l}w nuiflt gi^ea to tlm top of the bfHTm, tvhorv it psA^Q 
uv-er aiKHher alieave^ goes lo support the fjJl-bU>ck, ami its vnd 'm 
fixed to the top of t))e boom. By revolving the houttiug-dmiD of 
ih^ eii^me, th? fall-hloclL, U^ther with the atiached weiglil, may 
be raised or lomrmJ at will- 

The wrwnd mnu-nu-iif of thr <lf?rriek i* Xo raw or tower Ult 
booiDr and consequently lo get il cVh^f <>r farther from the nuft. 
Thia U obtamed by means of h seroiid rojv (-idletl die boom-Uoe, 
which is wouitrl around another dniin of ihc fn^no, and posaoa 
around the other sheave of ilie fo<it-bic)Ck; thence to the lop of tlia 
miibst, wheiv it lums n^in by jJOSsinK o\-er a *h''ave. and thence 
to and through a block ailactie<t t" the upper extivmc of liiB 
boom; and lh^ne«* useahi to the top of Htfi mnitt. By Tcvol\-iDg 
the second dnim of the cns^nr commAMilin;^ the boom-line. l\ve 
upper end of the boom nuiy be dniwn <ithcT near to or far from 
the maitt. 

The third movrment of the derrick, which ia to slew the 
around on its axis, mid con^^^ucnlly a,\so the boom with the at* 
taebed weiglit, U u^uaLiy made by hand. For this |]urjH)8t- another 
m|)t^, ordinarily of maniia, ia tied to the upper end of tht? boom, and 
a w(^kmn[i pullu tlie boom to the rei|Uircd place. Such haiul m^n-e- 
menti however, is too slow ami expensive, especially when a 
wei)clit of 2 tona or more ia attaclied to the fall-lilrick, eirjci* then 
twii or even three workmen are required lo slt-w rhc Iukwi. For 
the Ba3ce of eTonnmy this third movement is nha made by inaeliifie, 
anil Lhe[i tlie font of the ma-^l is provided with what ia eidkd 
a bull-wh<vl. Tills consists i»f a Urgt? hurixoiUid wooden whcd 
fiimii*hi'<( wilh Q pmoved rim to jjn^^'ent llie nlt^wing-lii^e froEO 
wurking *rfT. Tlie whit-l is sirongly bractril to Ihe iKitdmt of 1H0 
vm»t, and, ojA imiicaied in Fig. %\ a1»o to itie boom to relieve 
the hinges of tlie boc^m from »de twists. Two guiding-sheaved 
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^ fsifteed lioriKvTitflHy cm the foot-block to dir^t the tvrt^ Unce 

^\kb 9lewiii;--(trum of K\)^ engiiwr. The cnzinc in such » cAfic is 

Pmidecl vnih Omv dmriw— <juo for ihc hou^ting-, a fltcoiid for 

ftp bonan-, am) ilie lliirJ for the nlewing-ropcs. By thw simple 

■n&nccDKDt ODC cum »t tlic cnpive can lift the 1o«m1 nnrl eilevr it 

^ thr ilrfilnv! jilACe 111 the. ft.^[iir> Vn^li of Ituir tlint il tnkrf^ to dn 

*ujy lb(' lifting in <l*"rrick* nut. fumi.HhiTil with Imll-whcrls, Tliln 

'if^Mrinji; fWior wM al fir^t mtn>li»^il in th(» imwL pmrrfui ilrrr- 

'■>^k?», nj" th'M* pfn|iI*iipiH] in \}w t-xt-nvnlioti nf ilic niirn#!:it Dininnp? 

'Atiiil, init U t* tiit'A fnutui in iiejirly fxr.ry wiirk "f iiii[HiriJtEiiaf. 

'fh^i «p^ud thn*<^!nim Higiii^'s are not nt band, th*- liii**s of 

*^ b(iU-itft)i?el for sleu-iiifl; tlie Wnn anr ciJinnuiiidHi by tin? winch- 

teitiis r>f the tw»> drufl-LS, and in widi a caw lit* slewing of the 

'*^>m b made aft«r the hoisiin^ ]\m been camplel^i, ini^Tead of 

tlio iwo movTeraertts being simulianeous, as wiih the three-drum 

«»Kiiie. 

An enormous i-ariety of derricks Is found on the market. 
J*«^Titly ev^ry manufacturer ha^ his own particular way of arrajii;- 
"^K the -^hoftvee, the lop of the boom itnd mafit, the fooi-block» etc, 
i'^v-Jng n^e lo tho cluim* tt\ ^^vf^ral pat^inlii, every ono, (i# iwiiah 
^>-Hg coiuiMierwl a gn^al ioiprovt'ruf'nt. Itenlly all ticrrickt' are 
'"^Xilarty confttTUCleid, and A'l^vr niiiy in fmjil! detaila. Yot the 
"*-!«<: of (ocilitaiiiig: tlie ile«rijnion of tlieec hoist inc-machinea, tlicy 
^H hf" divided into liirec ^^roups: vis,, sliff-le-g ilcmck, guy dor- 
'^l^, »ml travehag dcrriok.-?, 
^^ Stiff^«C Derrick.— 'Hi is derrick, like any other conaists of a 
^^^s~tica1 mait^ and a bocro hinged to the foot of the inasl. It 
^^^p^ on a foot-block which differs somewhat from the one already 
^^BBcribe^l, tffcau!4c ini^teail of i\yc two ^liort tJm1>er? placed pn.ral1el 
^R^ U> an<»lhtrr, tho timljera in tite *litl-leg derrick nicct al riglit 
*t*^ib« Ajul aire very loii^; they an^ called (lilU. Tlie mast i^ kept 
^rtJcd by mean^ of two baek*ta)^ abutting, with one em! near 
tT*r* i^xtn-niififH of llin «11h. wliiV at the ol!ter end arr- Irfihed injn 
plnti'-^ fomiHlied with a pinhole. Al the top '>f the nvx<\ Iheir* U 
* Bfn*] pin projecting tiot less than ft Ina. in limglh, Tht' pinhole 
"* ^hv backistays clai^pit the pin aiid kLi^ps the jiiiL»t vertical, atid 
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fit alkfihii it til turn amuriii m its nds. TV «ilh anil eoo- 
^i?<|uentty ibe bHck^:t\-<4 Ii^itik 3\t right anglea, tbe txwm cim be 
vkfl«d tl]i«»-c|iuirierA i)f a nrtje. 

' Stiff*leg ilemt^ks arp built of any form, dimension, arul cftpAcity. 
I TlicBe nmst commonly employed in public worka h%ve u Uoom 
,25 fi, ionK. with a capaciiy vamni? from 2 to 3 ions. In ihU 
iiDd of derrick tlie boom U usually lon^r ttmn tlie miutp fuuL it 
b nude of tiinl>?r, iron, or steel, uml fu>in'^tiini>jt \» reinforoetl by 
pUBS-rodB pofloiiiE over fi cnianree »t th<- ooiiTi>r of Ih^ bojim. 
I Fig. 96 inuEtrat<?« a xtifT-bir derrick of onlin&ry constrtK-tion, 
Povklcd vnih fi buU'Whoc'l for fdcwinif the 1x)om, tw b\ult by the 
Jli»ri(*nn HoiFt nml Derrick CDnipnny. 

Guy Derrick.— Htc nuuft of the gviy dttrick rt«t« on a fcot- 

lock of ft nnular Ciontitniction to the one itfHcrilx'il ond illufr- 

talcj by Hk- *>1, and thu tup is prnvidt-d with a Mti^rl (rtuljc-^fjn* 

ilxL Tlic tthiKi \fi k<'pt vi-rticid by nuiiinfl of wirt ropcw <*r gxiyn 

>P>Vfldinfc rmlially from the top. In order to keep the miu^t |>cr- 

tectlr vertical, it is neoe^ary that the ropcfi be very tight- Th<j 

I'^^pea oir made fast to tht^ top of the ina^t by mejina of a guy-eap 

[^ (oiliEroD-pIate, OA it U mnn- cominotily oftllc^l. This con^iftd 

^ a wrought -tmn ciKular plate pro\ided mlh & circular hnle at 

li^oetitrr to n't?<HVE- tlie giidp^cn-piTi of the niast, atid ftlx or eight 

Kml! holi^ artiuiid the eilge and of such dimensions aa to al1»w 

ibt [flvt^^ iif t)ie piyft. To previ>iit the hn>Hklnji;-ofr uf tlje 

lirirw of lU' r"|pe eitlier fmia shnrt iK-nds nr luhhifij? ^frHin^i the 

Mmqi "Ip'ii uf tJie in>n t^iiy-cap. Iho holes ar^ molded hito a 

ible slmjie, aa ualiokteil in Fig. 9fl- The other ends of ttie 
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w^ liwi lo ?itrn»kiiidi[tK *n?es, or else to a slioH. but very 
^rrTtis; liriiiii. [j1:Kei.l hurlxout^lly on the gmuiid, called tiie dc^d 
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mvixu ftiid kept in p1a(v by a liig \n]v of rtonce. Willi mnre jx>vr* 
(Tftil (Iprrickft tllf^ guyA air niHilc light by musum of tun)liiic1 
aluu^iiptl In thi^iii. 

In Uie guy ilemckA iJie 1>ooi]i m iiiuiallr Hhnrti.T ihim the? tna^, 
juij wlu'ii ll"' tfuya are vei^' long <fr wtii-u lln-y ,'ir* iJi^d t.rt ckvincJ 
pninlf*, llu? IjLHJiii CAii \nfi alewfti lUroit^li ii full ['ircN', Both boom 
antl iiuisl t'Mx ttf iniuli^ of H(|Uiir« tinilH*™, or buQt up of iron bouu^ 
or «ip<*l pliM's; arui whi*ii of grf^rti loiiglh thry are mnforoeil Mriih 
truitf-r4xl9 iwul eroffslrfifs. 

Guy (loTTick* are nmile nt my iliim^n^bn and capau^ity. There 
itrc di*iTt<^kii wirh 15(^ft. nmst iind i:4^fc Ixxirn, linvLng a capacity 
of 10 ioxv^f while there slw othcre of much smaller ilinion.^ioii* 
but cjf -VMon capacity. Since the niaet ^ould be [wrfeciiy 
vertical it is more difficult to set up n guy Ihan & stiff-lcff drmct 
The vcrticality i» oblaiiied by pumiii* the vanous guya to tlir 
required point. It tiikfp: time ami imtience lo fict up puy drr- 
ricb*. In repird to tht^ rnrl <.>i tht inuciiiiie this varira with i\w 
fiM and capacity. .\a a rult? it cttn be a^-nuned that ^rrick^ nf 
onlinary dimrnMOQA will not co^i more tliaii $200 e^eh. It t.nkeH 
jiearly six days' work to aprt up a gviy demek. while only uni'-kdf 
or even Diie-tliird of this time la requircMl id »ctling up a HflfT-lc^ 
rferrick. 

Fij;. 97 showni a iLftJid-powerguy derrick of ordinary c:on»trueti 

TrarcUng Derrick. — The otiiiv kind of derrick wliicli will Iw 
herv illu&tratetl \a the tnivcling ilerricrk, reprewntcd in FIr. as 
Tliis eonaists of a pkLtfi)nn ear nunmled on a four-uhecI*Hl trii 
running nn tnieki*. At Ihc front I'djff-i* of Ihr car Ijiere n 
two vertical juiwts witli a croMpiwio on l**p, and ilii» fmnte 
rmde s^iff by mraim of the Imcksl^iyn pnividni wi1}» irr*n pbii 
bo]U*i] :it. iht- lijp uf liio vertical posli^, and ul the rr-ar end of 
rjir At tiie <*nler of llie crosspirce of t.Iip fmtne ilitTr is tin 
iron pl&te cored in the inidillo ^t :\^ to xvcpive IIh? gudij^vwpin of 
the umsif which stnndis on another iron plate in^rlwl in ll»e 
form of the car and provided with a hollow cylinder tato wl 
Iit5 the bottom of the nm-sl. Thif is niiidc of iron wih il«' fianj 
aippoiling the axle of n .-"heaive suid tlw.* hinges ot line bottidii 
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tlie boom. ITmk'TncsUh tlw platfnnn of the var il)rn< is anotlu?r 
IV*?, Bfiiler am! t'mnw jm; locatdJ in the ntar of tbc; car, tliua 




iiT*vcnlinfi thr Up^inf; of the derrick bv countcraclin^ the wei^t 
tACbt^l lo the bocan. When cxoearfvo weights arc raieod or 
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low!^)^ it !£ Deci?Kar>' to inmrt^ ilic fftftMllty M tli? apfara 
by abiding bjUI&st on tlw cur. 

Tho rra\T*'Jinjj iU'rriok as well m i>ihi>r tlerrickft ie capable o{ 
thr^e txio\^niv*iitfi wlaoli, as has been aLroody Been, nrc mode ll^| 
the hoislinp:-, !ln> boom-, and tie ^ewiiij!;-iinr^6. Tlw omuiEomi^Tl^ 
af thu hoUtuig-liue U fiuular tu tiiat of lUa sUtT-k^g or guy tJcrncks, 




Flo. sa. 

whik^ tho nrron(K*mcnt of ihv boom-line it* u litlf& clilTcrcnt. Thb 
ift ntUiotu^ii U> 11 pulley IImhI at tlic top of lhi> boom, and luminjj 
aruurnl imoltiir pulley iittW3lM?J to the io]} o! tlw tncai, |Ui.-«<Fai 
crver tlie tir^t t^ the top of the ho^ml. It return;* ^vcoin Ui tin? 
ruiifil, paA^liiK mvr vt &hettvr placed nt iU top, aikI thco aaautiM^t a 
\Trtical diivcrlion, turn!- on another tOit-au' iiiaerlrd obovr thr 
cn»Bpif'C<^ of tlic- l"r;iiitf', jduI giififl to one (J thr drurafl of tlw? t-ugi 
Wlieu ttft* r4ewiiig ia lioui* by haiul^ a thinL iirif; ia itiArrled at 
to|i of llie boom; but. if It i* iliuin by laacbiiuf tlie bfjlt^mi of i\tt 
mufit \» prnviilai mt\t n bull-wiifvL 

T(h' IrsLveling derrif^lc, n» ild luuw dfjirly IndiORtPs, it seU- 
pnijM'Hiii^, Tills h ?u't-mnpli^hed liy (js:ii|r tt dimblr ryli]Hti<r and 
double-ibiuu nntTwibU- tii^ine provided witli lix^fumiltve attarli- 
ineut for the? car-wliwls, wliieU is mori* tviiEuiinicvJ ilmn lo Imvo a 
»pt»eial erighii? for llu* [^nnxlIioK ii]o\t>niPiil of Uw nar. 

In t!ie tra\'eling dc-rriL-k the Ijoonx is rtHovs lcTngi>r tliuo 
mu3t, mud in order to avoid tJie lipp'uig 01 ilie c^ or tiie cmt 
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ment of excesave ballast, it is a good practice to use booms not 
longer than three times the gauge of the track. The gauge of 
the track varies from the standard distance of 4 ft. 8i ins. up to 
20 ft,, depeiuling upon special conditions of the locality. 

The traveling derrick is found particularly useful in the con- 
slniction of retaining-walls, in laying the foundations of impor- 
tant buildings, in erecting structural ironworks^ etc^ and in many 
tases it may be made to take the place of several stationary der- 
ricks. It is found very convenient in trench-works, as^ for instance, 
in buildmg sewers, laying water-pipes and gas-mains, etc. In 
these cases a track is l^d on each side of the trench and the car 
straddles the ditch. 




CHAPTER X\\ 
TRANiCPOimNO EXCAVATKD MATERLVM BY AEK!AI,WaY3, 

Ix worktiift thtwipli rough arul brok^ Dountry iolvn«-r(^ 
by mvlnf* or rtniuw, w through rity ptreete wfariv meuU are 
loo eiq^nwiivc lo coiulruet or aw itmlc^rabLe for olhi-r tvarttnv'. 
Ihr irnib^fxiftalion of excftvatc<l nittUTinls may be wrv rtmvi^ 
nk^ntly accontpUf^hoil \ty meana of ftemlvraye. From tinw* bu- 
tnnntpriikl ftcrialwnyd id primitive fomn^e have bi^n ii^ioii for c-on* 
vrying (tilTercril nu&tcnultt frocn ono pouu to Aiiothvr by ti>ea 
of a rope etrotchcJ be(w«n two j>olQte. The ^TiUT, hcmi'\W 
WM purprwxl lo WH' in a book vrritlen by Dr. Il<*fili, an*i |pii: 
Yvht'd in Lonilon in ibu year 1602, a contrivtiDcc (lrM<nlwst si: 
illiwtrat«l which Sir Rolwt Southwell aaw uACtl al Bnirnieril>urf 
for th*- s«|>wHly conveyance of earth to fill up or niw groiinj, 
etc. tt wa.H really a prrfocl wrijjway, anJ r\Tn niorp eoniplk 
cufrri IIlhq iimny of thr coiitrivoitof-s n?cmOy iieit<*DliHl. It is 
only ill t!w' In>»l f«'W yi^jin*, liovrever, ikiiL lu-nnlwaiys tuivp found 
pxt<-riHiv'(> i^rii|>liiym(-nt in thi- lrAai|K)rl;itio» at tiiaiertiLls for 
mimrkgt influ^tri:*!, jitnl iiuhllc wtjrk^ 

For the sake d ninvmiieiice, umler llit funeral tuuni* of norUt- 
wajT" tlief nrp rnHmlril Wn- all the im-lfuxU of convey iui( oxcaxtttc^ 
iiiixU^rialti In BUch ;i ii»uTiiu>r tlmi the can*, skipn, UickcU, itml.^^, 
rtc. iusU'avl nf ninninjc '^n tracks bii) on llie gnmml, are by vmtvr 
iTiOJia* Mi*veinlod an*l nioveU on beams or rop« ^^i^penilfMl in 
Ihc ttir. Aooorltng lo tliw <lefiiiiit«Ti uml h or*W lo ro%new in orW 
the vari<iiifl iiiciui* of conveyaiiei*, xht^^^ [lf*^iJlU^y^ iin- JiviJc^tJ into^ 
liuc aorialwnys ami iHphem. In tlip flntt groii|T arc indtMlc^f *l\^ 
ai-ritJwjiys m whicJi llu* para or skips rorkiaifkiTi« the dulcii^^ 
ar^ moved t^y mcaoa of. ropes comtnandcd by eugii^nif: tc)|ih^^^ 
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an' opriiilwu^'s in wliidi tlip rap; nre nctf-titoving nn thi* 9U]i|Htn4lei1 
cmcL, UHn^ iiroviihil witli elf^ctrir moU>n=. In rt^giiril In the 
naiur** t4 Um* Lnbf^kwuy Init* liprulwAypi rjin hp iliviiW into twij 
grouper v\i., tran?|Mirtws ami cahlpwavfi TTiey ajp chIUh) trarifi- 
|jort<?r8 vrlini iht" trufkway U fomietl l>y nicid lieniiL-^, tin<l <r:ible- 
WAVH wImv) 11 »a matte of rope, A^in. botli trittucTKirtcn; and 
rctbl(*nji>'s can be mbdivtilai, according Ia> the ni^iuicr of ^t'orktog, 
U»lo Rttn|4i' tratt^rtalion-ltncw, when several ears or i«kip(f run 
nt ih*" aaine lime en Oie (raekway. and alJ renmln at the same? 
hxi^l ilttaoee irom the* Irafk; and mto hoialiDj*- ami eonveying- 
tnnrliin^ wbea on!y <ak& car or skip of large copacily niiw on Tjic 
Tmokway, thi(s artins w: » mennj- of (wnvrryanfe, and in Jiy ri^tmc 
<l«'v^]<^«r TAiKxl i>r lonTTixi iK> us to a<'t ilIw &f u hourttn^'Uiacliiite. 



A«> rial waft. 



C«nf pnfvjiivil with rlrrCHc nidtvrr &iid wlf- 1 t i i ^_ 



CAn nuvii«d bv ropn 



T1LVNSP0RT&&». 

Anwnling to ll(p ilefimfian givm atwve, ftemU^r* in v.-htch 
th»* tntf-k is eainpoml of rigul l»eanu mv eallivl tfnn*jKirl*'T«. 
'nic*>' can be wkO either as a nmpte Tiieaiu of 1raiut|:Mirttitl(jn or 
Btf iKiisting- anJ ronvT^ying-riiHelutK'^ 

The UTiter doe>i iioi kimw of any rranj«|x>ner u«ed exeliutively 

as A aieuB cf tnuuft'rring itiat<-ri>dK frinti one jwinl lo luiotht^, 

wlA Ibe pxe<?|ititin of the coal-handling deviei**^ which, u|i to a 

•wuin liinic. run U> coji*ulim'd its inir jieria]wa>>!. In fact, they 

funstft Aif » rule of a <lout)1i* ciuIU-ks chaln^ to which the buckets 

''rftUaohi'tl And gul^tcd on trucks tuiulL* up of rigiil )H»atn«H Thcw 

*'**fporU'r^ idtboiifch eonvrnirnt for faelorica or pier^, have, to 

^ knuvrlcdge of (hi' wril*T, ne\'cr been e»iplo\'c<i in public works 

* in tnintng. The n^ruwm tho>' arc not xifvti is on tcpoimt of beinj; 

"^n»orc cxiicnsivc tiloil eAt)lewAw <»f The i^iitnc ciipaeity, becjiu** 

™* trndLniLy, being oompoeed of ri^i^l bciunH, bna l<j be supported 
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«\Try f«w fm, whil^ caUrvare can br coostfurUHl wiA 
nmniai: up to ih<KiaaDil» o< W L 

It b a rer>' co^y matter, hovne^rr, to imasoM^ bow a iranv 
\ioriet uBctl rxflusively fc^r translemiig iiiar^Tiak frtini oat fwint 
to uDoth^ should be axnuiffrd- Tbc uaclnriQ' couM be ni^iilt- u^p 
of tvro parallel Iim^, onr for Hit can loaded vnih matfrrial. naA 
die sBcomi for the empty cars travetioft ii> aa a|>pi><qtr tlimriioi, 
A loop at each i^ml of tht^ tracks will yi^kti tlirni antl cnake H^m 
dmitDUouft. Tite track?* ^liauld Iw mi^H^mlinl bi mmr iray. nlirr 
to tifc roof of the factory, thed, or pier; or i4m! hi^d op fibmr 
llie Kiouinl-sorfac^ by iiu-aiiH of tmt1e-beiii«_ On tlxf iniek« nay 
iTAinpl ilip InicketA carrying tXw materiab^^ aatl thi^' r^n Iv JJi 
fluefi DLiiJkltere ait lo \k only a p^naJi di^iitnre a|tarl- Thi< mutt*- 
inenl of Ih^ hiKkr-t; may be rfFi?cte<l by means of an M»iif» 
lia<^Tin^-rrj|ir hmiitig nnnind tun gnmvnl hnrlumtal slieavH tJ 
gn^'Ai (li;oT]p|fT 1(r<jiti^l jij>t U-lim ih*' liK»ps at, ibe «wb o( t!*' 
traclw, fht niownii-Hi oi iIh' haiiliug;-ropc \s taiisoJ by r«volviif 
ont' o1 tbr rfM'avi**, uml ejin t^e r^uI»U'(L Ijj' th** rapidity o( Ttv> 
lutioD of ihe i>Jiaft» Tlic buck<fttft «ouM W of tlie eame shape W 
design a« those uhkI with tho Otto, Blek'kert, ami similar cnU^' 
ways, provided with a dirndl Iniek for nmniiii; on the traekx ami a 
^ip for connection to thi' hduhnn-ropo. If the line vrrfr t»ro- 
vidod with lui Aiitoirintie loiuling di^vur find an arran^^mf^ut fut 
dLimpin^ the biH'kflrt, the lraii:ti>on«r tliu« eoiwtmcted woulA 
ccrtfiinly sc've jn^rfH't saU-'-fiictiim iii rof^nl to opornlion. but no^ 
perhaps, III wiKt, which wuuid Ix- higher than for a cablcway. 

TraiwiHirleTw, howevijr, arc iiMrd ^ hoi^tiiijE- and conveying 
machines, ivml tlioy not only transfer ihc inattTiFdH from one pmi*-' 
to another. IaiI ttjey Uiwit iind rai*>e tljt buckt't or wciitht betwttr^ 
the Iracka mul the Hofir. The*- kinda of iranftrxtrt^tlcrs are \w\.^ 
vided with only one Iraek, u|wri whirh thv wngle t>ucket tiave^ 
hnr'k and frirth hv iiieaa^* of an endlewi ro|H<, and ii nil-M^t nr ?oih^ 
eR-<l !>>' niniti!* "f a second rope. Both rop«» are rfrintiirinit^l Ir^ 
a drum tm n douhle-ilnira reversible en^nfi, 

LIdgeiWGod Transfer.— Of Hie hoisting and winveviiin' Eran^^ 
jjortei*, the siuipleet one is ihc Udgcrwood tmiuirr. Tlii^ F 
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rlcd vriih a (Umbi^-irack line for Ui-e fourwh^iH tnick, to 
fhich M eu^pcDiicd the backet cODtaiDiDic tlie fuiitrriAl to be 

I Tbr trackway u compodcd of two rails which cjin be buill in 
Jiffrivnl maDnrra; they cnn be mwle of two v.ooiipn beaiu-'i pro- 
til niib Jin^iMrooi ut the c(.lg<r?. a^ nt .1, fr^ig.!)^; or of two ^mallp 




vm lighi ntl^ pliuMKl Lii>oa Imi^itmimal wocHli-n l>f>aniJ«, a» ai B; 
(<r tln-y (ran be roado of two ohaiitiH-iroii^ upon whicli ihe wlx^l^ 
t«f iltr tnirk may ma i^ilhtT aljovi* Iht upper flanpe, ojit at C, or on 
Ihe Uriii'T danf^ and wiihm tin? cbaiiiieU» as at 0. la any caee 
Uw trackway m sti^pentM fn^in the reilinp or roof by ]n«ranB of 
h«iif>Dr«^ bui it coiit<L al&o be c&eily Bupporto<l by iron or wooden 

Hie cairioic^ of the Luigenvood transfer eon«Utd of n truck 
■^tng OG four flnall tUngcd wheels, 'llic truck auppt^ts two 
^fsftrjf aroiuxi whirh ih*- inW-hlttvk rope carrying the frua^ided 
'"•■J ift w<rtuui. Tlir \H)dy of th^^ carria^p varies in form, accont- 
***g to ihe maUrrijil to be carrieii. Ilic carriage a moved along 
Uip fmplivmy hy tiii^iiH of itn endlei« carr>'iiig-ro]>e. whoso return 
{Hirtitl l»y ?*l»<'nvi*i plaetnl Jjetwfvn ihc haulers oi the track- 
TIii' hoijittiij^n>pe^ vt sup|H>rteil by jpeciaJ caiTicrs placed 
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kXSrOltTlXO HXCaVaTKD U^TEftlAtii nY aESULWAVS. 'ill 



>ore TrtdchiD^-machme. ^Thr trcnchixig-machinM. which 
:»w ff« t'uiiuiiijiity trjHplovvkl by controclors in public works, 
iokf^ly b<JU'«tititft cind CTinvcyiiij: <i''vir€S runnine upon rigi<l 
Wnya, FijC- 101 iHufllrrtlw" llifr Mfwiir (irnchinp-ni.'ichiiic built 
IP Mixvrr Mjuiulitcturlnic (\'n;j«iny nf Syriiru'*!'. N, Y. This 
of a trackwiiy cf)m|xuH^I ui iwo light nUtJ mil*, d^-nUtl 




lUuinIO ft. above ilv- cround.&nd Ripporfcdby aKvricgof 
^ iron bcnU^ brsced tojccth^r t^o lui to Ti^nii n wiUd ntnicturo. 
^t <<| the bcnU ftn* provicto<l with »mii!i\ flan}^ vhiwls, in 
tlui th^y may bu ^a^lly mov4>il alonit otb&r tracks bid on 
OUliii iin<l on b^itli "Ipoa of the excavaU^J trpnch. 

li* uppf^r Irnck iin»vi*ft Ihe coiivejing-car, m^le up of « 
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tv^ 



fo^ g y b c d p^i mark p rwra fad with * platfonD havmft at 
i|iaee Id the «mter; on tfait |ibtfetni »UDde tbr opemior, T1 
froAi aod back ol tbe track u eonnretrd wiUi an eu*Ui 

truck lo 0» hmdt tad fi«tb ikoi; tbr upper tracks. Tb>^ ti^i 
of tfe endfeas on r ia^ -fnt^ v prmrilml W hir mmns of bhnrH 
localnl At tbe brmi- and Ui^Hovrt «rf Urn n^lrm, aod supporlnl 
also bjr ahcsvo BwqpIgH hi^ c<i thf roa^-t^in^-car. ijl 
higlii-r V Vviper than tbp altfsvvv »up|itir1iiiK tfap rHuniii^ 
rope, ihitrr on* two aicir flfap&%«« f<ir ihr m|[viHirt Ami liini^iio 
tli^ bcwUii^rape, vluf^, Uuvogh the oiieiriiie in thf rcDTpr of 
tli^ lilstlonn. ou^ Rack tbe bolfaMii iif tht Irvock. h 

The mairlHn^ b opfnt^l bj- a dtjul4^-ilniLLi rewrsiblp l)iU4Ul| 
oigbip, onp drum conutiaiMlnig the mdkm caiTyln|;*fofie, lad 
eofMMfieiiUy thr mo^Ttupnt of the mnv^-iti^-ntf along iho tmk- 
VB>': the otbPT dnini rrguUting the hoisting-rope. The ftU~ 
Uock fUffpMkkd to tbtr boistnig-rof)^ carri^ X\» barket> wliicli 
mar ile^c^nd to the bolUMD of the trnwh or be ranvd to a hrigtt^ 
juet below the trackw:ay of the c<m\-i?yiiig-eaf. Vhtrtx the buciffij 
la m thie portion, the tlnira of the fftrTring-rDpe » put into |4 
ami ib» bucket itkovf<l aloof^ thr tmekiffsy or stopped ai %^^ 
desireil point, wbcfe the bucket disdufs^ it« cooteuta either io^ 
a c«r »3 a« to br haule^ away, <jr bto the r»r portion o4 Ui 
trcDcb, where ihe mitiiretl Vi'ork haa alrrady bwc completed. ■ 

M the (rtint Kvl of the apparatw tliere U a pUtfonn tta uf? 
which ore mounted the ejtfjaufi antl boUer aa weJJ Ad the 
towxT, the toJl-towef bcinfc suniUrly rnounted oq aoother platfc 
car at the rear end of the madUDe* Both the towers ami 
bent« beinf: mounted on wheels, the maehiDe may be cmsily ai 
^-mnced, lhu» following the piij^Ftm of the work. The ticSi 
required for advancing the tnAchinc can be aesumed at 60 
fiiT niinulrtL 

Thr tlieofttical capacity of the ntacliiue ts one bucket a 
utr; the capadty of the bucket bciog a cubic x-anl, the 
\hr rttndime will be GO CU- y-1^ pet ho^u. In praetit^ 
buwfver, auch a remit b ncxxr obtained, because the viurk 
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'he* |>ri>C'mli4 vrrv alon-ly oa accounl oi the nitrmKi- fi]mct 
(?nkcn'A'otk,iini|rJ.'BOT)«uccoutitof tlicMniilii^ and tbe 
Alnicttoti oi thi" wort:, for whic^h purpose the trench ^t^w opened. 
The MoocT, OS well as olher f^milar machine found on the 

ls« tbty gn-ttlly mliicc the ex|jeijx' ol coastruction. One of 
I |mt ulvtuiuieefl is Ihat they remove ihc ceccfAity qF piling 
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^ the public ftref-te anti blocka^img the Irofiic, cwpeeially in 
i'Rir 8Civ^i<i> U^itb Ihc^c machines the earth exeavatod at 
■kail 0* thi> biw Is coiiveye^l toward the rear ajif! einr^Ioyed 
^pkfUliniE the trench iifter the construction U t-omfilelt-iL 
Hprpiu:^ f>f exca%-sit<r(l :not<ri!iU is directly loadeil from the 
*et« into ^acODA, whieh iimy go under the trackway, as indi- 
pd 111 Fiff. I(G- Wiih thef*p niActiint^ \\\\- work proceeds with 



t regularity, d!idcitc>\ and economy. 





2U E-lRTli ,\XI> HoriC EXCAVATION. 

The Brown Hoisting- And Convcjring-cnftchJn^s. — Aaolh>T 

itmehiiir, ImiJt by lliv hn>WTJ JlointinK luirl Convc>"in(t Machine 
Ciintpany t)f Clt'Vflan^l, Oliio, Tin* iiificliiin?, iUu.'^lmU'd in Fig Iff), 
wnet buiU l« iUTSwrr all rln* n^tivjin-mtDls "i thr u'l-rk, wljK-h W[W 
fo Imvc a fntvdini: convi>yc>r (irnLn(£oil in audi n svav 1h»t tk 

' l^< ruiwfl mill dci>09itcil to n much liigluT i^oiiil on tbt.^ :ip(ul-baAl> 

loculpil ttlonp^uic tind at 9ouic iliwliuirr {roni thi^ tfhore. TV 

I tmckwtty viws iiiudi^ t>f ah inrlirnit ntiitiU?\t*r ,'»vipf>ort«I l>j i 

(■cnlrnl Inwrn Tlir f<>Uf»\viTin fl(wrnpli«ji of llu* i;inehiii<- w lAb« 

i. fonr fr!i[*k,*f <i/ sl.pitnljirtl K="ip' I'V f<">r Inickit uf four wlicfbi; lb' 

"■ (lixliujiT- u|iHrL of llir Lrarks l)i*hv*'r-ii fVMtIM'^ ik 37 fl, Tlir- Uwirt. 

I whkli it( inoiijuc-d on h piniftinn cjirriHl liy ihe imckft, h a siroti^ 

^ fniiiiMi! wtnielure. It eonwHts *jf twu jMiira <3f columns bmA<l 

I to^ethc^r; i\\e front pair of colunuie \» 53 ft. in h^igUt mA Uif 

I back pair CO ft, S in> This tllPfcixiiPi' in height ct«TL-tfponde lt» Ik 

noceasary inciiniition of the cjuitik^vcrj which is wl nt an angle o' 

12" W. Upon ih(* pktforin, U'tw^cn ihc (^oKirnnjs is pJon^! 

the jwjwtT sUtion, from whkh till Ihr nviuin:*^ iri»iia-u\Tre of it* 

cubical etc., un* opi^at^^l an<l tli^ power recfuircd for propelliftg 

the ilrrnck Jcrivwl. Tli*- \Mal Uivglh of iht- cnniikvcr "m 356 t- 

which allows an ovt^rlioiiR of about IriO ft. into the cjuial-bei. 

whili' the fnrthi-flt |x»iiil for duitjj^injt i^ nearly 200 ft. frwo Wiv 

edge of ihr liinnl. The b^ititJi of travel of ihe buekcla ia, h«*- 

cver» only \Vi^ ft. 'ITie height of Uie Igwer end of the rantilmrr 

i\hov<^ the Im'iI of the earml in 53 ft., and that of the upf^er evjd v 

93 ft. above the natural j^uifare. Ilic Inirtcejn, holding tboaX 

li yds., arr altacheil to the end of th<- hoiKling-e^dtb- j^ul raW 

to tlip under &ule of the cantilever, \\]h'u n seruiuL luirl luiulnt!' 

I cable transfers them for the whole len^h of the cantilex-pr or w 

sueh II polul iLs riPiy U* ileftimj fur dumping This work le Jtet" 

formed in the eiJgiin'-housL" ou tJie towi^r, wli^re three differecit 
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motions uc wed and contioUed by three le\-i-r7<. One levrf 
the bucket fran pit to tnias, oDotfacr trtiDAfrt? It t<j Uv* fjiivr 
cable Anii raiw« H along the tnm itU. .Htnking the trip, ii uuiv 
malirnlly iluiri|>i nail then rHumn to \hm pit, uxnl a thifi] i'vir 
tnavat lb** wliotr ib-fTiL-k aKitifC tbi* tnv^. 

Tine Aven^ upevtl of llir^ cniili]»*vi-r itlimg llw Iraifk is about 
IM ft. fwr minute, tiut aa much aa 400 fu {nt minuie hs^ li^t 
tiiadf. The toUilveigbt of tnis, Uiwier, and 12(X-n.P, 10)-iL< 
l^in, enpDe w alx.ut 150 tons. The buekrt* used aro ^f irto 
aw) st^el and nmtaJn 7S cu. fu vatcr inoamre. Tbu rtrorrkt cf 
difTermt («nii1evers for long peno-b of tlnii* «how tEtp adml 
woflcing load to bo from 1^ lo 1.7 cu. y^U, in }ibc<> nM^u^urcuxnl. 
The grv«t€«t practical «-ori of ih» niM'kfcnfr witf ot>tatncd br tw> 
of these nuttilevors vorkiiif; in Section H, wKi^li canvxi fiiT 
OIL yds. per day in a total of forty-nine *hiyit ^^irkcd. .^^ 
buckets ore i^iaUy re({iut^ for ihe rcf^ular wrvicic of tbc^e rarJi- 
leveiB and a |-anf- of tvc tncn waA caiployed for eacli btickd io 
the eai\aM>ottoni. Tho cost of working the Uicwu convc>yor i^ rvfO 
afl 3w5S ccm^ per c^H y<i. indiuling all the w»||X«. coial. 9tuti-5. Aiiii ri^ 
pairs connected with the rvutning and mamtcuance of the macLJni?- 

Temperl7 Transporter --l*cf ore cloeiog thb? review ol nt-Jul" 
ways rumung upon hgi^l tracks it is necessary to meniiot^ t}xc 
Temperly transporler, which is one o( ihe »]npl(-»t a-wl *»li»:ti 
is extensively employctl for different purpoom. T!ie Tctujiffly 
traofiporter ifi n hoiating- and coDVcying-machine «^iii]iUriin£ ^ 
sijsi^>enile4l l>eam a^ a tiackwi^r. The spccia* feature of llii> Iran^ 
porter a tlie autniiiatic caitiagr n( Dovel tlmign provided vitJ* 
a single ajkiirmtic il'n-ici? by wbirh the carrifl^ cjin be h*U 
stationary' at vunoiw jMjinU nlon^ il« trnck nbiU- the load is bffs£ 
lifted or It^wi'ir-il, mu\ whieli sqtjitjuiis Ihi- load whih^ the earno^t 
IS mo%nng. The various niovenipfitw of iht' caxringe inechanMi 
are interlocking. For oxanipie. the carriagp ts not relmsiMl fn«i 
holding to tho l>eam until the load la releaaei,! from the carrup. 
ami, vice vcrxa, the load is not releasnl from the CHiriage ncd 
thf^ earring i^ firrnly boked to the be&ti;. Fig. 104 iBhone lla 
interlocking mccjjujiid3ii. 
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p trackuray w jcrurrjiliy minlc *>{ :i Hii\A<' '^Txm 1 lx*am. and 
I rarTiAp? Lmn-b iij"ni llu- lowii Ibiii;^^ wiili tw> wbeclfl, one on 
Qit sdde of Ihit »Tb, The bcani i* gi-m !:illy su*poH<tcd by mcana 
IfttiyA suiil can !"■ cntm-ly Mas|H'Diie<l, or one ciid tiiay al>ut 
u ui^fC or leoiiwt (>lhi-T firm siipport. It may work at any 




itMo. 

aim) the hi*:Ii^r 4*nd iimy Iv oithtT irfnrd or outwartl, \\Ti(-n 
Ite beam is hxtni us in factoriea, wftrt'hpiu*^*, tic, it can be made 
D/uiy length, but the poruble Ixsum is generally from :J0 Uj 60 tt, 
loog. To reikCh <>ut long iH^tixnce.-^ a tubular boom ia prt'f**rAblc 
>o Uir I benm, mmI in flucli a case the carnjig»r trjivt^ls ni\ n Imck 

died wn Uie Umt-r sJd^ of the booia. In onli-r ut »Ujp iha 
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carriage at diffrrcTit pciintF the l>ot't^>ni of the lower flj 
the I bonni i« proviticd with etojja at iotcn'alf. in iKN^ordaucc 
tlic rcc]\Mren»cDl^ of the ciwc, lUfuolly 5 ft. apart. At any of 
pointi^ the carriage can be arrc^lotl at the will of tlie opf 
and the load lowered or hoiat^iL Hie atof>0 on the bcftot 




the manner in which the earriflgo le stopped are clearly ii 
cat^vl ill Kip-. l(Mi/ aJiff HHf>. ■» 

Th(t operations of lifting, transporting, tmd lowtring thf I 
are c*ffect«tl by the simple action of baulini; in iuid paying <ni 
siiigU' ropr. ond any fonn of a singlc-ilrum hoifi ting-engine q 
be udwl for woriskig the transporter. 
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The great success achieved by the Temperiy traiisporter, 
uch in the last few years has been adopted by all the maritime 
vwers of the world for coaling vessels^ should attract the atten- 
cm of eo^eers and contractors to the fact that it affords one of 
le amplest and most economical means of hoisting and convey- 
afi- The Temperiy transporter is built to carry loads from 1000 
o 3000 lbs., it is easily set up and removed, since its weight, Uie 
carriage being Included, does not exceed 1 ton. It is handled by 
one man at the eii^e, and the work of the machine is from 40 

to GO tons per hour. 




CHAITKR XVL 
THANaPORTLVG KXCAVATCD UATlIRULfl BY CABLEWaYSL 

CABtEWAVS uro acTialways In which *ho- earrlrr w su«^»fiiW 
to R rope either Iravcling with it or dimply ino\iiig aJomg il, 
Within the laat thirty years thb ^inple and emiifntiicBl mean 
of triLnsportalicrn ha£ found nunierou:^ jk|>pl]catioiLH, nnH il T- 
extensively \im-k\ in Diining w^ wvW n.^ in |)iil>lic vriirkfi, ,\ 
variety of rahU-wayi^ is ftnmci on tin? rinrkrl, anil sinw tli« 
faetuit^n* in^b*! mi iTi1nHliiriii}( tlicm iimlrr the &aDw vF lh«» wiitf 
inveiit^rni there i?vgn--nL runru-'^ioiu 

AfWinling to Mf. J. Pi-^rw U<ier, raljlt-ttaiya ean Iw hfuaffy 
(Itviiitni into two types, Fim, that in which a plain <-mUp9 
hi>th «U8|>eiids the 1oiu!m aiul mnvi'w thi-m. and seconit, tM I 
which the loo-U ar« gusfKnilL^l from runnerA ilrawn iHotxg G 
cables by mciana of a wparate traction rope, Cah]ewa>v of 
firwt type can be <livi<le<1 afiain into two groupe: on^ in vrliiHj I 
carriora huiii; from the rope and n»ovc v-ilh it throujdi frict 
contact, arid unntlier in whieh the carriers haJi£ frotn ih^ ro 
and move with it, iK^uig rigidly hxcd in po^liton Km the 
Tliift in tlrtJ principle of the Hotig^on an<l Uftlli<iie eyfiteni«» 
cuhlcwny;* of the K<x>nd type, in which the carriers aic ni^pf 
to a fixcnl nipr and are liaaled by a tractioEi rope, can kxt diri 
nhn into ivt<} ollu-r Kf^JUT^ftp &-**r for instance, into rahh-wa^^f 
whieh there i* m»ly one rojx^ u*ed as traekway, or into calil 
in whirlj lh(* tra^-hway is formed by t*'o parallel ropevL 
there iw only <nir irrjrt-, there is also only one cjirrier, whidi 
driiwii to mid fro hy nieaiis rjf nn ciulIrK* hanling-rope. AH 
mnnennm hi'Urinii;'- and eon\Tying-iaarhineB ffbich bi tW 
fiw yi'an* have been extensively iiwd m ijuhlic work.'*, n^, fn 
instance, the Canon trench ing-machinr, the IavVv k Uiltcr, tbt' 
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KlvVr anil other cp.blevi'ays, belong lo llun proup. C'wblrwaya 
^RV be also made up of two fixed par/iUel To^tcs with au ciKJlt?^ 
hAulmg-rope. eo that (h^ cjirri^n? ;mvel in oiie dirwtiou luui 
retym in the other. The Otto, Bleicken, Leschen, anJ siniJlar 
I fterial VIAL'S are ecmjitnic"t(»<l on lhi« prinHple, 

Ail the melhotl« of lransj*tirtution WKlical^'cJ abcAo are used 
for hiLuling malerialfi on horiKontnl or nearly horizonial truck- 
: waya, but in many ciitt>" Ih*' 'liflcw'tico ^^f level between the c\- 
I Irme eteliocs of liie ojibli '«»>'»' i* ffn-nt, atnl then (ho cableways 
' iwd arc Itnown m ineliue*! ciihlcwuy*. Th^sc» however, can be 
■Hdc of one tixcd Tn\M* on wliirh thi' eiirnms imcontroJleJ by 
Ruling-rope? art- uIIdwm) to run liowii i\l i\ h'izh .-^pccd. or elac 
only one earrit^r l-" wr^t-d, iind Lhin h i-ontrollT^d by Iho biulinc-rupc. 
f it> Ihe fomuT daft* bMong the apparatus called '*ahocta," and 

to the last inrlint'il cabl^nvay."* prtfper. 
j For sake of riiiiii>iieity li-ablewaye will br* revieweii hrri* Krou|wt 
I in the TUftiuitr indicateil in the following litble. The linub* of 
\ lliish*Mik iUi miL allmv a Innp diwiission of tliis subject, but fmllier 
Miniiaritm niii l>p ohtaiuni from the catalogues of tlic. wv* 
ffd tiittinifiwM.iiit'rH, iM|terially that of BulHvant A Po,, Ltfh, of 
Ixnuliiii, uim Huploy ami mainifflctnn* the variouH ro|>ew?iya 
tWipif^I liy Mr, W. Carringt"!!, M.TnM.CK., mn' of the pimieers 
:irni jHTliapa the moat conipelrnl ciinhHN'r in f.bi!» hue o( work in 
liuf voHd. 
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tiipe has oarrirrs liuiiging Uitrefroiti iiail uki>vu]|> vrtih it 
fHcttoDal c^nUci w (Icscribeil by ihe luvenUir, Mr. \V, Carrin^ 
Ion, in the following way: 

'" Thiit !«ystM]i is iinividitL wttli n ilTivuig-gp»r At one end filled 
with A flrlving-dniiTi, vnr^iiig fnim fi U> 11) tl, m ctrnmeter and 
amLitp><t wvUi yiulJil>l<* ^Arui^ ffjr rw^^iviH^ lJi<* |K>w£r-steaai, 
wiiU't, tir rvt*n lH3nrt*-(iower in Xho c"i*w» of Htiinllfr tin<»», Al Uw 
ct^posite u^rniinal a siniiLir wheel is placcMl aiid provitJed with 
tighten tn^j^ar. Eouml these two wl^eeb an ^ntllmw bftnd 4f 
win* rope is plaeeil, iTilt^rmetUately beiwt^n theai \h<* win* mpv 
is carried on suituble pulleys of ilianieter, \"ar>in^ ttccording U 
the tii»(' of tlw rope, the former being carried on pos;U of iro© <r: 
timtier, epucoil nboiU 200 ft. apait. and of suitable hei);bt in «uibfe 
the oaiTi<>T8 to clear intervening ob^ta^'Les, ani aldo to roieulAtr, kk 
u ocrtuiii extent, the peneral level of the line. The carrk^ IttflS 
from Uie ropo and are enabled to pa« the siippDning pulk^liy 
nieaus of a curvet hanger, which, pivotiiifE In the V-ehaped 
which rr^ta on the ropi\ attacht'^ at Ihc lo^xr end to the 
tacle by means of a hook. 'Yhi saddle, in an iron fnuDe, » li 
wit!i wood or rubber, or eompojjition friction blocks, by aieanecf 
which the neccMary friction on the rope ifi obtained), which fna 
the carrier to paas with the rope up;^tccp inclines and over puU 

The frame which carries these friction pieC'CS is filled «i 
two small wheeU carried on pin^ attached to it. which ai^^ taSitd 
shunt whccb^r ^^"^^ ^^ employed for retnovin^ llie carrier frailK 
the rope at the trrmin^ilj* nntl nt cupiT* whi'R' shunt-rail^ anf 
placed, Thrai' rails arr hrlil m huHi ft iKwiti<<n Ihnt when the 
earrif-r apprnckcbi^s the Icniiinal, the ftin^ill wht-rU rtigagr on it, 
siud ruiming up a ^li^ht iiu-liue, lift the friction or e1i|>-94!KMle fnioi 
the ropv iinil itiiiIiIi- :L Id \nix^ to -uiiciv thi- hiitilici/ and imhwdll^ 
b reL|uin\l U* b^ donf. or rouiul the curve wht^t-U. The Impetvn 
demeil from the s|»eeii of the rope (about four iniW ]»er hour) m 
sutficiunt to enable the nirrier to elenr iUelf autoninlic^lly fron 
the rope without difficulty. 

This method of cablewaya is use*\ for industrial purpoecB, 
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nan" <^\i?nvA^k'n i*orts: h tt &4iv'anln|E«?oiu<ly omploypd 
ttUAikttty to be carricvl does not exct-r^l 1 in 3; vlicrc 
le indivuluol loa^b do not exceed '» cwi.; aud alsti where Um 
idkn of tlie f^rouod iloee not nec¥»-itaie ^tims of ^eat^r len^td 
lan fi*W fl. J^itigf>r.dpane, eleepcr mclinM, RreaU^r qu^iKitic^r 
Ul.ltea^'it^ lowls ^^n be carried tjy this syetcin, l>at not j*o ih^lviut- 
r fte hy anolbcr syatem reforrcd u* lipr<>ftfu>r, 

and UalUdie System. —'Hie llotlffscnt? fryat^m l«km- 
feamc from ltd inventor, Mr. I'harte Hcnlgson, who iii the 
1868 ^retired a iwtetit for this roeans of triin^porutioti. 
X\uo Km \hf dnvini^KCfur, ihc. tinhti'ning-fi:r'jir, llir rmUr^vt ropCj 
Ibd ihr |Kil]i*Y--(« a.>4 in the meihiHl di-^rilhr-il »Ihivi.'; ihr laily dif* 
frimc4^ U-liig iIla'. ihtr cjirrli-i^ nrr rigllly fixeil in |inMtion hd the 
OhUmfi ninning'rxt|jr, »ii«l (H.m^Nnn'iuly tht-j- nutsi g(i where the 
Tti^ir pn*, Sxit'h 5111 arruiigriiirMl jillmvs ^lecp ilii'liltefi t,o he sur- 
ni^^nlfd, jitid :t gf>*nl :idvniii;tgr U ih;tl th^.- i-iirnrrK vaix gu urrjimti 
bth ihv drivbig- !Uid tighteiking-geiLT without ibe liocts^lt}' of 
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^Hig lamina] <;tatbn», a^ in the fonncr cai<r, Th(< driving 
^H generally in the fomi of n ^pi^ciAl ilitMlrurtt, An<i iUf* 
Ifnninal u'hrr], wheir the tiglitming Utkt^ plniTt?, la &rra.ngffl no 
iKu iJie ]Ki>srii£ n:rund <if I lie nirru^rs L^i ra-'Uv t'fTiTlf-iL 

The unl'iatlirig of the ninleri/il is en>ily liwnr hy ulluifthig the 
S^ef to elrike a cateh, «i«Miig tin? liuekH- U> VA\t^\Kt* nr u^ipu at 
Iv bottom. The Irauling, Itowt-vrr, \n iivinr rornijliriilrd^ raid 
nany devicos hxve been devised f<ir this jnirj«is*' whirh rhii'fl/ 
onsut In hopjveTH hicntfHl neitr ihe teniiiaiU stliitiun iliHef] urging 
pto the rarrierx f^nd moving with them nntl retnnuTi|£ iinrni^li- 
tf^ly to ih*"ir forinor position *o iist to l»t> n?ady for a ne^" carrier, 
e Hod^p^n iiikJ Hiiltiitie >iy?rt4,^tii la very conve^kmt for 
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of the mort fSand gripp f<v 
«anK<tiBC tbe borkrt to thr travrhtie 
rope » tfae Bnjnm Acnal TnaiwijClim 
CTnlniBnl br Brabfvk A Ikmni ol 
St- LotB», imfiadnl k T^- in? The 
grip ffw aHn c/ thnr fnv^t*! straj^iAJhlB 
ranrrlini^ tbe mpr, bikI the burket tft sOft' p,,^ 107. 

fvmlr-1 ) 111 ■ yiikv Mn^pd to the 9tnp4«lplB. 

The Otto, Blekkert, Brod^kk, uid SIviQar Ci'>l tt«]ri.— 
mn* iJl mivitmrtMl un U«^ |inild|iJ^ iti wbirK n-\fnJ rzvrrirrs 
at thi- 9>wnr linte 00 ah ^ndkos fixnl rope tt^nl ti» a tnwk^ 
ivbt1i< th<*>' nn nvoved nloDg br nMnm of an endless IiMlJi 
rope. 

Tltc rst^e-iradc » supportnl at tUITerrtil |>Dint^ aiul xhr 
Ibe U thus ilivi<led taio vnrinuji K^iftm. tn Ibnof »(\'stvfn^ of 
vvkVS Otf caW<^ arr ^vrj- ttghtly »ln-trlt"l. ih jk HH-uritig t(i 
loub a coiDp«ralivp1v dirm )»iih, vliidi inraiu th^ii they an* 
subjected to giwt fldCtiiniMpn* tit rixi* :tt»l fall <it wavc mui 
On Mich line thprr' tin' tvm irjick-rahlo*. one fur l)»r loiMiotl Ai 
and tlie otiior for di^- rohim of ih^^ ^rnpiy nikoa. 'rh«< llivs 
pIftctKl at «uch u dWiitni^e a^ u< |iT4*Vf*ul ihr ^^r 
iriulf ami ntucibijt hi oii« lilnvtloti fnvm ~s 
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Ivvi3g wlib tbp ^mpty one^ runriinu in the upposite direcliou. 
Ast rule tbv ropes ktv pUeiM 7 ft. upi^- 

ffupportv \^Uux4 at JtfUmpi** vurjiiig from 150 lo 'JtX» fi, upkrt, 
Iboo cGiuiM iif hi^h ivww tiavifig ix croiwpwcir oit u*f> for Uie 
ttippQTt of ttir^ trjok-ojihio. Tli^ crcjs^pici'O w nuulc #ti(f by 
tno «lniu ftbiit^m^ aigiunjtt th^ puoEi^ itnd to incn^o^c the ata- 
liiiT cd the |viKt two wooden AUyi^ nic plAcM »o m to mlais* 
)» bttB. WiUi RTout^ spans Ui(> mt>porta are on Cflpedolly oon- 
AfUcUxl tow«r». Stncc the cablM aro eupportciL contiiiuouBly 
ilvf Iti6 Vmt*, tbeoe caUewayti ciui bo uiiule of tiny l^M^th. Thus, 
itt iiuiiAJicv, there ui Ji o&blt^way of tlii^ Binickort ftyateni in S}Ta- 
<iBe, X. v., vhich 10 ]$,600 ft, loi^, hjkI tbo one built across and 
om Ui€ famous Cliikott Pass in ^Vlofka is 'J milca long. Lately 
Iffebcn of St. Louia buill a cablt^way ox'cr 16 miles long lor the 
ltu4>ortaUoD of tlHsmincrdtfof ihc Nortb j\mcncaji(-'op]KrCo. at 

' likcampmcnt, Wyo, ,\notbcr loog cal^leway fouinU^ 011 thia prin- 
ts vie built b> the Otto Com;>aiiy in the j-^^ar ISJ*>tin Spain, over 
'<0«mry utipiaMablp to any otliT't' nicjiUH ui Hjms\KH'Ut\iQU. It 
la couftnictnl lo convey the orp from tUfi S^cfiith ilr Bi*<lar to 
^ 3e»coa5t of GAmicho, On ihi^ Hnc tliere are ^^rBctleiLls of I to 
3. anil ^uiiva uf jiwirly IU()(> ft. 

Tbc md-HlalionA (Fig. lOH) arc provided with horizon lal 
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iTffi for Hvt contiiiuoijis irvoKing of the endlem Iraction-roj)**, 
j{ijcji '» oblaineil by coiin»'rihij|{ tin* r^li.iff. cif otie of tbi: i^heav^s 
ilb a Jrivmg-cngine locai'.-J iifa.r by. Tin- varrying rope- U coii- 
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carryinff continuou*ly tiialcrl^U oivr rk1g«c of r«*aI elevatioC 
find where AuUiten ami rr«i|iu>nt t-ltimjcnA of l«n**l have to be opei 
rttiHlovi^n Tilt" Bullivimt C^^ipiiny, Lt<i.,ihfti3 
iWigiin of Mr C»mii;Etc>iL, iirho VTAif OIL aasociofc 
of Mr. Ho*Ij^(>i], mul frvjiii whrtm wc h^v 
obluinoil tiK- |>ro?E(*iit (lotd-riptiOD iin<l infaniui 
lion, bnd built a ropeway of Uio IloiliCMin HyateC 
ill Jiipaii, carrying mnUTlalH up & lUtmiiUiiLatd 
which bus an incliue of 1 ui i\, the length q 
Fio, ittk tbe roail bi^inp nearly one mite. Tlir diai^ui 

pun in Fii? 10^ in'lipftt^'s iicfli in fmiit vii'^v nn*! pinn tlw nan 
ner of working of Ihc JJallidif* mid Hocitcnon ruA-^ti^ni^ of ropci^ay 
Fi^. 105 fihows n CAirier for uw with Ibis kin<i of roijcw-ay j^uii^bl 
for carrviuff f'Jirth, wun), crusJicd stone, and in erncral &tiy rod 
matcrijif, 

On<' of the nioi*t cfllcienl p"^p« for 
coimoctinp the bucket to the travchtig 
mpi^ ifl the Brown AerhJ TnirTiWdV Clip. 
amtmllrd by Brtxierick A IWcoiti of 
St. Ijouw. indical^'d in Fig. 107. Thi- 
prip conj*i*t*k of tliree fnrp'il htrap'baml* 
etiriiHin^ the roj>e. ami the biirkel \s !tuj«* 
ppndrd tniLyokebiii^iUofJirHtrap-banct». 

Tbe Otto^ B1«ickert, Brcd;nck, and Similar Ch^i wjtys.— Thca 
Hn' M ronMn;rt*"d on the priiicipK'- in wbieh sovcr^ carrient rui 
lit ihf ^juui' liuii^ oil ail eniUcss fixed rope \Xfcd as a tmckwny 
wliile they are iiko^iod idong by inf;ui« uf nii i^iullnw liauliiig 
rope. m 

Tlie c^ble-track ii^ suppi)Ttc\l nt difTeivnl iHunt^, iind the ea|| 
line i« thuK divi[!ed into viinouii siiaii^. In tlM^?«* ^vHt^Mti^ of aerial 
ways tbp rjihlt's nn- vt^ry ti;;htly hUetHii'd, Uium MHrurlii^E to ifai 
Inaili- H com piini Lively direet path, whieb meaiLs tbut ihey ure do 
ftiibjeetetl to grejil fl\ietnatioiw of rise jind fall or wavn T»ot>on 
On earli liru* Iherc are two !ritck-<":ii>leB» one for the Lumlitt jtkip 
and the other for tlie reium of the einply ones. Tbr Vau^ aii 
pjiraM and pltieeJ at such n diMim^e ns to pre^iTit Ui^ ea 
loaded «'lth inatenaU nnd niim'mg iii one direction from IqI 
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ftTule the ropca an- |>bcnl 7 h. &i>an. 

The Irack-c^ble is mxtde Maiioixary by meKcis of mtenDcdiate 

fvipportA ptac^ at distances varying from 150 to 200 ft. apart. 

Tlvsc consist o( hi^i poets Itaving a croA^piccc od top for the 

^pport of tbe trftck-cablcf. The cnwApicfM? is mode i^ifl by 

twoetnit:^ atniUing Agaiiutt thr po^l. jiilU to liirR^wir ihrr sUi^ 

bilily uf t!tf' [xj!»t twx? wrioflrTi ntays rm* pliw^l w a* In rrnKrge 

ttet biutiv WiOi gn'iiti-r ^pnns Llic »aip|H>rU< Hrr rm r-s|H*c<ml1y inm-* 

Blrartnl laiivrnt, Sincp Ihi* mblt^ tire KUpjNirti^l niiilinuoutJy 

ttlnog Ihf 1(1"-, llir?*r m1i[rx^;i.yF« nui hi- nimlo nf nny Iniglti, Tfiliii, 

*<>r irolunn-, rUcrt- m u mliWay *jf liu- Bleickrrt sx-^Et'Tu in Syr*i- 

^Xvt, X. y., whieh i» Ift^iiflO ft, lt*ng. uivfl tJie one buih Hcnias ajid 

ov«T ibt' f^aiioan Cliileotl PtiS8 in Alaska h 9 mile^ ^^i^S' l^Btely 

I-tff*^Jirn <ir Su I-ouix huill a (.'afjlc^way over 16 miles lang for tin; 

tiruzwportfilion of the riineralpf of the North .\jn«rican Copptf>T Co. at 

KHr-^nJiunent^ Wyo. Another long eubleway fotm<lM on thU piiti- 

<s ipti? was built by the Otto Compain^ \u xht* yoar 1SS8 in Sp&ln, ovw 

«* i^UDiiy Impa^^ble to any other ini>uiirt of tiiuitcportiition. It 

>**a* <,*oii^ruct4HJ to convoy Ihe ore from the Sort-na dc Bcdw to 

t-te iwocout of Gamjche. On thU line there are jo^uiieiitg of I to 

3« and Ppaiu of i^^arly 1000 ft. 

'Hie «Tntl-«tati(ms (Fig. lOS) are provided with horisoDtiU 
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Ihe eontinuous rovalving of the endless traction-rope, 
XainLHi by connecUnff the etuift cf one of the slieavfjt 
\*'ilh a drivin^-enfEiuie loc»i«d near by, Tlic cnnyin^ rope is cun- 
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,. tm logp upon whirh thr caw arrrwi «fter 

hem aatomalwaUr tfeUebcd frw,, the irwiioti-rr-^. tv 

Ittucfanl agm to Ihr Uaftion-nj|«. «* w ue 

Tbc complete carrirr uswl will, ihi* «^<to r<m<i«. ^ 

— m .Mr mi-Wlr . piv««] fc^., , J 

>-PP<«. U- bucket. Th« haww ;. 

'T'"*""' » «»ch « way „ wTalla. 
tb.- pa^^ifie of ,be r,rri^ o«r .h 

ni'by,oe«« of « pip. Wb«. dr 
r..r> ^rrhtr at t-alwt tmnina], or utkr 
l-'.oD,lhf grip, drl«rt, n,„om.ti«iS., 
"'■' ,"* ■;"«««. air sniirjMHl off «io 
■. .himt-raiU..H«pp„rt«i by ibe«r«nuif 
m the ptatwn. I, is p-nenOlv rfuring (V 
miiriiiig of the raw ouio th,^ shunl- 
raib that Ibey nn? autwiiaucaJly lwd«l 
>■"- "w. „r .lijclmrgwl » the case may br. 

the iJifl^rencw between ll»- Otui, Blclckert. r,e«-b«-ii, hbH oilift 
junilar ^.ystwnB, although magnifwil Jin.1 higlily jiraw-U by tin; 
various inanufacturero, bk nol iiiipiwUmt lor iha* t,ho eamin 
the cableway* from a f»enpnil point of view of hauling sppanlw. 
The JiflcKucea chitfly corawt In ibf form of earhacrs and hHuim 
ill ihc grips of Iho hauling-ropt, in ihc saddles siip[xinit^ tb( 
cablr-ir«ck». ill the manner o( diifUnK tlKcamernfmni thetopfrj 
way to ihp shiinl-rnila, in Ihc nuuiner of loading anj tmkoding 
thr car*, rli: All thwc dclaite m\lA be examiDwi with emx M» 
bv ill* nigiiieerh and oontractora befon- ik-cidiug wblcfa Dwduw 
to buy, and whi<'h «oiild be U»c mort appro|iriate o»e in the |«»-' 
ticulw ca» thai lie luv lo deal with. 

This eyeleiii of cabli-vay, in which the canieni nm on an a>dk* 
fixed rt>pe »nd are nio%-nl along by swans of a haulina-ropf. '» 
oonvment for the tiaiw|>"rtalion o( not lew than -lOO lost ofi 
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mttaittk per day, tin*! over rou^h cnimlr>" where the inclines 
VECed 1 in ^ tuv] Ih^ rixluh r?ctxKil tiiJU ft.; anJ dso when tlic 
^mfle Ioa*l of the buckijt ^-xcrixls Gcwt. In geneml, the grcM 
advantefic of tliiw hvhUti coiiaisUs in relievuig ihe traction-rope 
of Ihe wei^t o( the loaJs, w that oii eoniiinralivvly level line* 
Ae tension wpon the trftclion-ropp b but little more thnii the 
Inctive forc^ n^iiirrd to inovA the loiul. In fitct on \r\A And 
R^uUr t^romiJ Xhr motivi* power ijrri-sfiar>' to liaiil one tnii cftii 
be Affiunif^l jLt j II. P. pe^r iuili\ .\^ n rule, tJifv'ie ^ysteniii of 
buLsportAliojEH are very euiivi-iiient in niinin;^ wIiptv large (|iiaiiti- 
b«sof jiiattVinl nuist be UmJcd fvery cbty, nml whiTe tin- eimntry 
11 lisunlly f4o hilly thut any other nif^ans of hBuUng witl he far 
nmre ex|>eittive. But ih^'y Mre ncN^r Uf^cnl mtd are not eonve- 
SmiI in til* excavaliou of earth for public works. 

This sysleni of cableways is economieal in wear and tear, but 
iJw* first cost is (greater than in the other two alrwidy indiealed. 
"Hjih will, however, be ver^" elTieieiit when the daily quantity of 
■in*t*Tial CO be transported is large, because in wich eiw<s The cosC 
pw unit of volume of the material wiL be greatly n?dueed. The eoiit 
rfvorkittfi a cableway of the Otto system of the* capacity of 500 
t-inu per day U about id^ per mile, and iaclurlinj£ rcpiur«, interest 
**! capital, and depreeiation. about l|r/, [>cr ton per luile. For 
uotlier Otto ropeway at Vsc\\ in Luxemburg, which u* three miles 
in l(Tigtli and Iranaporta ^iOO tons of ore ]3or day of ten hour*, the 
*'^t of transport including all cxpenseSn vizn, wii#:e.'*, ri'pair^, inU-r- 
^t on capital and depreciation, work» out to only -lid. per ton 
* IJd. per too per milr. 

All T!iese s>stemH of ropeways so far reviewed hnve an inherent 

J<itet. #ay« Mr. S, W. \Miite" of tht; finti H. AVhite & Soii^s of 

^^'i^lnwi, L^ines^hire, Kngljinil, n i\vU-n ihiit so ii\r Las Ifirgdy 

'**flii«t<Hl agulnT^t i\mT uw^fuhw-w. Tlu-y muat all go in a ilirect 

**t&i^t hue fmin end to riul, ?ind If j\ i^oinfr miwt be lunn-d, an 

**lgle*lali(m, ttilh oiii' itv Iwn nllt-ndiiiilHj Iulm Ut l>e pn>vided. 

^t<l furlhr^r, llw* rnrryiri^-m|K* um?d (wlielhar on the rtiiiglt^ or 

^<iuUe-r*>iw prinei[»V> hn?* Id bi- h>ng mul Htrong enough to carry 

**ic vctght of tilt! whole iiggu-giite load on the hiic at unce, lac a 
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curuiii percentage for saddle (riction, and consequently ropcffai? 
linvc only Ixi-n ahle to carry r^Iaiivciy 9inaJl loads with small 
(nil|)iit. To avoid ihesif int^onvHiifiieeA Mr. Ti\niile ha^ jfal-^nid 
It »y-(t<*ni in whicli are u»ed sepiirHtc rfipes for every tiimu, « tbl 
Itfjtvy iiii)ivii)uHl l<»ml8 nf 1 t>r 2 toiih eadi cml be (^a^ily canW. 
a.tiii the Ifjjiil.^ i-;ui hIso luni curuerH iiL every spmx U necessary, ad 
without any extra cost. 

Fl»d Cable Track with Endless HauliDg-rope. — Thr* mKhrnl 
of hauling niateriHls by luivui^ t>i a \\\vd ru|K' in which only im^ 
carrier is employpij hmiging from it and tnuvtul n\iwg thi* rn\k 
by means of a thinner hau!ing-r(i|M.\ i^ more ini|xirt»nt to ciigimTr* 
and conlrftciors, being rho only system us«d in the orvliiury 
excavation of earth ro^inired far ihe execution of pulilic work*- 
This method was at first introduced by Mr. W. Carrington, aniLV 
aften^'ard greatly modified and improved. It will be convenient 
to flludy theee cableways in two separate groups. The fiwt 
includes those actijig a« n »iinipto meoju; of trAn^ortation m; orif^ 
inally derivpd by Mr. CarriiifiUinf and ihP rt<'piind include <jvble- 
ways operating as hoisting- and convcying-machincs. The cab]**' 
ways of the fir^t group fin<l convenient employment in the 
industries, but those of the fiecond that arc now extensively \mA 
on public T^-orks. 

The cablcwaya of the firat group &rc composed of one 9in^ 
fixed rope to which one carrier is suspended ftnd \a mo\Td l>aclc 
and forth by means of an endless liauling-ropc. This endlctf 
n>i)t* I!* romrnantled by an rugim- pmvidni wilb rrvrn<ible molioc. 
WJ that Ibc [jimi'tion in whieb the csitrier runn may Iw cha 
hy the i>pi'ni.Lor, Ttie fixed rope i^ i«iip|>oi't<nl on poHts at tn 
valK of alujiil ;iOO i\., iuid tht- hniiliug-rofie if* eanip*! on pullert 
fitted wUli guide-bars, pbieeil hi thi* ci-uLer of The pt*l ovi-r whieli 
the carrier |maises, tlie prKiw beiiij^ Hn'ii.ug''d *j !lh to idlow of Ibo 
carrw-r^ pfwr*in^ ibronjjli thL-rn, Th»? relumjmiiring-ropc; U sup- 
porleil on an outiide puUey motinteil on aii arm of each po«t. 
The hauling-rope is attaehed to the carrier-head by ft peeidiarly 
shaped pendant which eauflefi it to pass under the saiidlo \mn«Qfa- 

Witli this syatem, Mr, Carringtoii say^, inclines ui> to I in 
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Fmn etcqtcr con Itf workeil spans up lo 2000 yife. jiuy bo 
I, ;uiJ UkmU u]) to 5 toQs max* be dciLlt wltli. 







110 shmvfi th« gencrrkl arrjinj^ment of this kind of cable- 

jlDdtcating the end lovc^r aiul th*^ mg\s 

llbig bucket tiupporunl by the fixed 

&QL.I carried alonj^ by th^ tract km rope. 
^V 111 shown the po«l uitli fixixl rope in 
P<>*i;ion wlu-n tliu carrier U net passing. 

Hkc ^intcl^ ^Kcvlrop^ onblcways used 
vi public nttrkd Iiuvo only one sp&n and, 
^iJw the haulinn-Tope which moves the 
'VTiaee hiu'k and torth, arc provld<'fI with 
MM^oaU rope by mi^jiaa of winch l\w. bud 
'^ be rajac<l or lowered at the will of 
^c^ator, 'I'heae coblcways arc really 
i***tttg- and convey itifli'madiUioa, ami arc 
'WWul i& great munbcrffion the nmrket with 
Ji'Trn'iit namctf, as tlic Floory, tlic Carson, the Roeblmf;, the 
i^ke & MUler, tU:. TTiey arc all founded on the same principle. 




Kio. III. 





230 



R,UlTa ASO KOCK BXCAVATIOrC, 



}mi vtixy jcrcuUy In iWIr tletaUe; aomc are verj- itimpfe, as tlit 
CurM»n irviiohiikg-nin«hltio, Aiud otbcra qtuU GO[D|ilicAUHj, sue iltf 
l^>cki' & Miikr; and in onler to avH>ul luelett dcecHptionft, onlr 
lh(^sH; iwo trpee of hobtini;- oiid conveying-machinea will be 
iLluvtruti'd hort^. 

llio Carson lreDi;hinfi-inrM!bln« l»kM lu mnw from )lr, Hcm- 
ard A. Coi^n, tlw chief <^incor oi tJu* Eto«ton Truwit Cnmim^' 
81011. It 18 called a irciiHiiiij:-ii]Tirhi[ir?, tK^canw it wms dceipxd 
by Mr. Carson vbUc he wiut ^Ti^rnij r^u|K-hat«ndeDt of the 
of Boston, for Uw hoUiinjc and eonvt-yiag of maUrimiU in 
from the botUtni of trcticliod. Tlir Caivon cabl^-way i- 
of a track-rofX! Iixcil to the f^rouriii atuL Aupportod by :;.k^.. .. 
tvTO A fraiiM*. The Irack-cabi^*, who^ iliatacLor Vfuirsi irum It 
to 2} 1115. ill dianiotcr, U Rxctl to tlit^ ^ouod by mntn^ of afcol 
UTK eoin[nui1y called th€ ikad mtn, Thcac eooin^l of v<>iiH 
l)4!aina fn>iii 6 lt» 8 or even LO ms. ui diameter, and around wlidi 
is loo|}ed the rope in the manner repn«ented ui Mg. 112. To 
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pr*^vi»iit an\' movement of Uie l>eani and coDseqnenily vi ihe 
aUHL'hed ropo. the t'niL^ of the 1)eJkTii8 Are buried imd^rr |nk^ of 
staiu? or olher material. The A franiw sufipohing \Uv Irark-nj 
are located at the extreTiiiti^ vi i\it^ wstpni lAO, 300, and ev 
more feel iipiirt 'they nrrr cnllnl A frainps nit nT*nint of tl 
Rimilftrity^to llu' Inu*r A. 'Hn'V an' mnde tij> of Miliar? het 
6x6 iitM. or 8x8 insi,, mul in Lh(> iimmitT indiertU^tl in Fig. ] 
On 10|] *>f lUi' vii\>']i\vt'v* then- is an Iron atitthUi* for tlie ^cuppon 
the eable. At Ihv. front fntme, jugt undenwath th4^ c'Ap-pii 
and betv'ccn the two uielin<>d beams of tlie fraiue, therv aro 
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THiUfvs-HXie (or iho hifl'itm^-rnix' arni ivo for On- liaulinf^-mpe, 
>\t Uie rear fratnw ihcro U mi incliucd »Iwav% for Uic return of tbe 




l>t>qi 



Fia. n:t. 



™lIiDpTope; it w pliwpi) in an iiu-litip<) poftUion in onlvr to ullnw 
''^ rHuminic 1kiiiiliiiK'n>pi< lj» |i,'U«f on one huU? L>f tJic CJirn;4^t?. 
'no frrinl fntiiw t?* runiii't'liil wirli ^ Wfnitlcn jituLforiii uj?<»u wliicli 




Fro. 114. 



Tht. tfiTTifigfi (Fig, 114) lit coiii|>oe^d of two grooved wheels for 
TTinmug on ibe track-raljl*-; ihe front whv] im ihe lar^» auid 
tiey ftTP ronnected hy nieaiit of iron bands. Below tlie smaller 
irb^el vi the tnick, by means of tvo vertical irun bands, is gap* 





S3 £^lKT9 A5D WXK CEC^r jTTfDy. 



potlnl the hiy hoiifgAe ^ g «ilb ■ voy andl one bema 
dina lor the wafpan of tfe buIiii^^fTtpr, m)u3^ b«lci«r ihe Ui^r 
front mimd. ot th» tnick ilvtv ii a nnmll idk^ave for the ftippct 

Tbe hmIiiH>fqpe ii MCMfced to tbr inmi end «f the carna^ 
flod iMWBg cmr cm of the ifaeam oT the hMd ftane gpte Aromid 
<MK of the dmnifl of the r^wtsible ei^te. It tben penrm <nff 
A aeeood liiam ctf the bead A time, «bd ihrnu|E;h the carwet 
onr the tuo wiilhiii wheelft, thenee otvr the tDcli&M eheovfr d 
the rear A frame, aind r^unifl tad h tkd to the rear end of tte 
cania^ aad neer the boisting-«heeL Obe end of the hoiAia^ 
rope IB tied to the fnvt of the carra^, and it mppfins a foU- 
Uoch to vhich the bucket ta attached, aad then poMiw ortj the 
tari^ bcxstiiig-wheel of the cama^ returaa over a flbcavc &t the 
head-low^ And aitTund the Btvot^ drum of the botoUn|:<«iignir. 
Bj tening either wav the first drum of the ea^ne, Ihe caniocc 
10 iDored back and forth al<Hkg: the rope trackway, a&d by Ioom^ 
nS Ifae rope cocnnuinded by the aecood dnim the falM^Wk m 
lownvd, and cocwqiienlly the skip or bucket atladkeil w it vnx 
be lowered bo the bottom of the tiefteh. By teversins thr dram 
the Rtlached bwrket ]s rat^ to a con^vnienl height, ^ thai it 
may travel akmg the ropeway without any interfer^ice. Tbus 
CamnnV trmching-machinc ts rrnlly a hobtiog and ocmve^Tii^ 
a[)|)ArHtm^ 

The rfficiirDCT of the maHiine is asumed at 600 ru. yd& yar 
day, Kn6 siaci* tlii* running r.^pensi^s of the Apparattu cac br 
assunkpcl at $12, the cost of hoisting aiul €on\i-i,ix]^. a iiailof 
volume of the eicavat4?il ettrch is 2 oeotfi \h.'T cu. yd. 

CaiSHi's tr^nch]n^'iii;«ft]ine:« hnvp hreti extrnsively employed 
la the eoiiHtnittiuti of the Nrw York rapitl^nuut^t railway, aix^ 
fiU thh subconlrttcioTs hfl\"e unaniinoa'ily lieehitrtl ihnt it is the 
sinip1e!it aiul most ecoDomieal deviee for hatulHtig i-arth and roc^ 
from the bottom of treoches to the f^round-^urfuce. 

Tliia simple hoisting ojid eoovejing device cannot bo enopto}'**^ 
Tilth spans loB^r than 200 or :300 ft , For lonper Kffao^i it is cec**" 
sary to support both tiie hoisting ami li&ulijjg-rojw, and for tf^^ 
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a purjxiWf ihi* fiill-mjje Ciirricn* itrc iiitrotiuced, an*! since these 
arr. nll[)lo3■l^l lU 9omf. thmAurt^ ii]mrt theie \» uaeil anotlier rope 

\fh\fh if* rjillc-*l !i lHilUm-ro|k*. One t>( Uje most t^ornpIicaUii )>uL 
TxU'iiMvi'ly UiM'd mhlr^ityvk uf this ^yi'<", wliicli (Jti HrrotiMl. of 
it* pitrtif'ulHT cini*tru(*ti(in ran 1m^ us**ii with spnns tif even 2flflO ft. 
i [or I'lirrytTig wi'ighls uf cvi'ii Ti tfnis cat^h, is the I-ocke-MiUer 
iblru'iiv, wlui* <lt'scri|itioii is driven lielo^i. 
TtM Lock«-BfUler Cable way .—The following k a description of 
lheI.ocke-\!ilIerpi4tenlcablGWay majiufiictureci Ijy the IJdgeruood 
Xwutfaeturing Company <'f New York. The muin cable is uflualiy 
cif iteel win?, ami is B^iepeudeil from lower* or A frames, which 
vuy h& from 200 to 1500 Tl apart, and the ends ai^ securely 
i»rhon>d. This cable ie need on a trackway upon which travda 
a cjtrriage eupportinp a load, which inuy be cither r^uacU or low- 
mtl by meana cf a fail-block. Three additional ropea are em- 
pli>yM ID this alylo of cablcway. one for moving the carrhi^e 
fcloB^ th<" main cable, an*l callctl the traversing- or cndleas hauling- 
Wpe; another which commands the (till-block and is uaeil for 
hoL^lini^ Ihc load, and \» called the hoisting- or fall-rope; and & 
tWftl or buttcn-rope, introduced in order to place the fall-rope 
ttrrkxa bvm the caniage al regul^ir intcrvaLs al^yng tlie cable. 




Flo. ilia. 

Thi^ prurer for operating this cableway consisla of a specially 
^iristnicti-^l rn^inc repre=<onfcd in Fig. Ul<i, TTiis is pro\ided 
^*li douhl*? cyUmlfrs, rr%rrsiMc link-motion, and friction-drums 
*a<l Irnkee. Both drunw art of precisely the wunc diameter, but 
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one is nanov aad of n curvxd fonn to reccivie the travemxi; ' 
endlcfls rope, &D'1 tbc other drutu ta wulcr and epbraUy po.\^i 
for (lie hoiflting-rope. I'lic emllcfls bouling-rckpt; b tunml ibm 
or four times etouikI the dmnv eo a« to srniir 6uffic'ie»t fnctm 
to kepp it from flipping in a dinrtion oppoint^ to the one m vikl 
the ilmm is tunuog, and th» bauling^ropc, after paniiig cms ttif 
ft1i<>avefl ou top of the A fr&mcs or towfrr^ is tnatle fttst to tlir frnii 
uru! rear of the t-jifriagi'. As \hv '•nginr i* iiuule rpvpral^ie ^f? 
turning the drum romanl or bnok, Ihr o^irniigp '» pullexl il<jrti 
the fixed cahU>Ua.(rk m mllurr ilim'liim :iL v^<X\, Thr hmiUii^-^fn^ 
attarhpd t" Ihf rarriji/;i- "f* ftup|nirttnl hy On- fall-ruin' rarriiirs 

The hnij*tiug-nj|n- f^m'^ frrmi its drum uti thv rngiiw t« ilr 
<-Arna£c*, aiui there; il coniieetA with llie fnll-hlcH'k, uxuaily fi> ^ 
lhrt»*>p!irt jiurrhjw* ainl in the inaiinET indiciil4*il in Fig, ll.\ i[i 
which arc clearly KhouTi the various ropes of the l^oclte-MiU^f 
cablen-ay. Tiie hoi*ling-rope is supported by a »ysu?in rf fJi- 
rofw cairii^rH, upon vhich the successful operBtlon ol tbo vtvjV 
cableway dofHTiiU- Theae earners ar^ of trrouidLt iron ajid >ti 
made light luid stronj: and are provide with ^uiublc whiv^ r 
the Hupport of both iho liaulliijt- aii<l hol'^liim-ropc*. They ritte 
on th*' horn on front of the com&ge until they arc dispbcttl by 
tiie^ifl uf frtecl buttoa-< locat^rd oil the bulton-ropc, po tliat roch 
button will paas through i:vcr>- cmri^rr except *mc, and Ihia viH 
be pulled oB the born of thr c^irriugc. A:; thnie buttons an? Iiiraii'^ 
at ri-^ular irit^rvai:^ along the button-rope. it \a evitU-nt timl al 
each hLillnii a cjirritr wiU ix* di^jkWrd frtJiii the horn of thi' r*T- 
Ha^f^AiiihiH \s poAJiig along- In ihis way Ixith the hoisting*- aiui 
haulin^-ro|M??i tn>* MipporN^l nil jihiug flir linp. When the coirii^ 
moves in the oppiwilfliri'ctiim, ihi-currii'ts will Ix' picked up by thr 
projeetion of the honi nn tlir carriiig*-* lu fnwl w« iJiey an? r^Acbni^ 

Fir. 116 phow?; thi* siwrml Umw n{ cjirri^g** designed f or ibf 
ofjcration of the Lnek<*-Milli-r ejdilcwny. It i« made in a wb' 
RUnti^ manner of wroughl iron, and yH it w comparativtly 
light. Tho ruJirii^'Wlieels aro of cast iron with dec|> Oau^r 
and have anti-rrioilon bearinji:^ so as 10 ruii on eauly aa poaiible 
on the cable. Tlic hoi»^tiug-^%hi^i^lfi aj'e alwo of coet iron, aail ^^ 
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n eniihU' Ihc fa!Uil<>ck to lowir a?* fiv<*!y as imsslWe, Ttie Tilf- 
locit b ii[tociaUy r«rt7<inj(rtfti for t-ublc-way work, Ut^s wwn^yV- 
aa lides and antVfrictioD bearinjc^, and is made as light &s com* 




with ^tren^h atut overh^iuling the ho idling-rope, go thnt it 

>rljfT:u:i1y batiiUeil The purchase use^l'ts generally Ihrw^^ pjtrts, 

W it limy lijn-^* one, twr>, four, or e\x'n more pEkrU if necessary. 

Tift cniiro opnuiijn of Ihiit cabltwHy \8 under the nhsolute 

olmJ *if ihc cn^mvr, who with it little practice can work the 

(may fBO Jiccurftidy fb( lo (*\'<ti luy rut tfloiic* wilh |K^rfwt 
kit b tliiu vrell ddapt(v1 for the cotisi^mtrtbti of thivt^t long 
, breakwaters, etc. It i» verj" valimbli^ In public worltj* for 
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^H the tcfmwnitnl luunUiniE of nutrrinl'i, tm>\ it is ul >f|i«cu] v-aliif a 
^^^^H the cxcaratMu od tvck, etore it k« out oJ the tmrh td a bbrf. Tit' 
^^^V OftblcwAy U uani wilh grvftt kkccm in all ktntis of quAny hit1_ 
^ when lowh of 16 teas aie picked t^ in the 4uan>' uul UehM 
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on <^ar< wilh ]>t 
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Fig. llti. 

tfrrt <ra^ ami at a P|>ne(l liilWrto u 
uablt^way, 135(Ml. s|)nn, drsigiieil f 
[>le 2^ infl. in diameter, \0tu\3 of f 
>it1y Kantlled at a fj^c^i of r>QO to 80 
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lis aoKiunt should b? »<Uln1 Ibi? viu^ of :i laborer eniployi^l 

of labor for lf>«Liiig the buck^u* ^n iteni which tannot 
to the conveyor. On Spction 8 <rf iheOiicago Dmiii- 
'anal n total of 344.175 v\i, yd*- <)f rock v.-^re reniov^ri hy 
is Luiii of cabk'way actiiu; as a hoifitmg- oivJ conveying- 
IrJiinc. The ccwt Vna 3>S6 wnltf [kt cu. yd, 

Hovablc CaUeway^ — A s^'^i advaiiUitfe in <'OiiiHTii'>ii with 
j^yatcm of n>|x^wny-i. in which only oji<» aviri'^ travt-lw back ami 
Koo A lixrd rofw mov*^l along by an eudlcn* }m(ilhL£-ro]>f!, i& 
U llie towent &it|>ix»rtit;g i\\r: toiw* can bo placed upon wlieyls 
cl coBWfqiwntly tlirf^ wholr machine can be niovcil in a iiirectioa 
hfT parallel or perpendicular to the rope. In ftnch a caw the 
o ends of the lixcd carrying-rope, inftte^ttl of being held in ptwi- 
*n bj dead-men, as indicatrd abov(\ ^ro fimily fixed fit the 
trcmea of the pUlforni^ suppiriing ihc T-iwers. The Can^oDs 
anehing-innrhme and othiT inmilnr ?cimp1e c^ililrwayn, when 
Oviiig in a dincliijii panillel U» llir cjirTym(£-n»|ir» iire very (^^^l- 
luent in the excaration of IretiHit-K ami far laying pipvfi uiuier 
ty Atnepts^ and when moving in a dirrcrion |>tTiHndirular to the 
tTying-njt>e are very n»nTern<'Til for rbr excat^yUion (if rnnals. 
ads, and other similar atrui'lurr^ h:ivlng eon*ickral>le Midth 
id much greater length. 

In ihe excavation of the Cl^icAgo Drainage Canal it l>eeamG 
■OCBBaiy to use some device hy whlcli the material eould he 
pidly hoisted and conve^Td to the i^pcnUhank and yet that waa 
ificiently portable to travel aloiiH the banlcx itK fn^t tm the work 
^Pgreaecd. Accordingly the LidgerwotnJ Maniifjicfiirinjr C-om- 
Uiy patented n Iravelinn Ciiblow^y which wai* verv advania- 
H)ailycmplo>'rd in vjiriou:? f<'cti*ina ot that important work iNot- 
ilhstaading that £ninn<icnn.^, Vol. LXIll,p.ir71,clEn]ii.4lhat the 
iv^mion is due to a French eniiimTr rained Plnch^l. who abfiii 
4^1 a century ago patented a rrxhlcway for runal c<.>n."?truction 
•fech traveled along the banks after the manner of the Lidger- 
^^^ apparatus, it ia highly Improbable that the original system 
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vfjw vXTT ti9n}, aikI crr^lil in due to Uie LitlgprH'ood Comf^tatf 
for lli(' firsr fLfiplWfitm <*( Ihw «ys«ti^iii. 

\l wiw ri rnlilrttny i>f Hir tyj»- Iwing conw(tcrvd, having vne 
HxmI rrnrryiiig'rEijn' iinti pn>vl(l<-il vrllh <mly Oiu- liirgr Lmk^t, 
vi^hic'li rmtli) Ih* itmvinl 1)Tt<'k 7iud forlh lv)~ mPiiriM iif :i liaiilinf- 
rtj[»f, Mil! ul«i riii^ni np ur IfJivt-i-^J In- rur-aiiP oJ a lioi-*[inR-iupr. 
TJie ft}MU\ of l!n* (^ilewny ft^t* 700 ft. and tlie lna<l lo Ik? cajriwl 
variCKl from 5 «» S tons. Tli*^ heiiJ lower wo* 92 ft, h\^\ iiwl 
mounted on n car -H ft. wiclo and tOS ft. Iwig. Tlw tail to^T» 
Wftfl ri ft- liifiU aji't moumod oo a car 37 ft. witl^ anil S2 fi. ln»g 
These curs were supporied on a suitable number of railway vr]i(A 
of Btandani fcauge and each csir ran on three tracke. In onWr 
to iiiMire proper fttftl>ility tlieso cars tt'ere lieavily ballasted wvt 
fitonecf on the outpidt, Tho tail Iowct was l^x^ated clo^e ic i^ 
channel, while the h^ad towrer Vi-as l*eyLJiid b*>lh the channel 0* 
(ipoiUbimk. lus indiraled iu Fig, 117. Tho can* wurc moved Iw 
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and forth on the troi^kway by means of ropes comnian^lvd by ti 
tiriiiiU uindi-cngint's. m 

Tht* ciiLlt'ivay ww* of the onlinary l.ncke-Miller lyp« ai 
|ierfpctly identical to the horianni^il i\\n\ r.iUlrwny descriU 
nhove, the only exc-i^jdion Mn^ iht? wrial <luni]i by which L 
lo:id*?d skip wft« dumjKn! whU^ TniAing through Uk' air and pai 
inn above the sp*>tWmnk This ih cksLrly uidicAlt*'! in Fip. It 
tiikrn from an instantjinponif phoiugriLfih. Thist o;xTAlton vr 
ohtainetl by meaiuof an auxiliary* ropr' numing from tli(> houtin 
tlroni of the engine over thr curriafte, tiud nnncl^il to Iho 
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chsiii ol the skip. A*i \ho carriM^ ;ip|>rniirh(*<l Ihf hemMnwrr 
tkn rope wsw <lrawn In iit a hi^dKr mlo nf st^nn-il, thiiH raiHiiij^ th(r 
d \hv Bkip nnci spilling \hv lomi riiTin.*Iy, lU will of iUp enKi'^<^r 
whiJe thp oarriftgi- wiis in nv^lioii. Thi* ciipne was ihon 
bitaiiOy reversal m\t\ iln- (virri^i^r wpnt l»»pk ovf*r the euaal, 
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llw' wnpty akif> which hfld r^siinie*! its hnrizontal )>rw]ttoii waa 
™'rt<l wiil oiifa^tetioil anti Ou^ chains hooketl tc a full ^kij^- 

Th*- *lttily capacity of \W\*^ movable cabloway was ahoiit TriX) t-u. 
J^, of rock per day, atnl thp avprago ^iistfliire of tho haul wan 
•'^l 300 ft. The skips ccinlaiinMl aijout 2 cu- yds. of Mo\-n*. 
Siigl* foeks of tWArly 4 (*u- yds. havp bc^n easily haiKlle<l Tlio 
•Wl of bautinfE the mnlcrial by mtan? tif movable cablpwaye on 
^v ^th Sectitm nf :hc CTiicflffrt Cunal wfts 3.56 cents per cu, y«L 

Indiacd CmblewAy*.— AU the various fj-slcms of cableways 
"cribwl art gcru^nilly cmpkiyed for horizotiial roadfif although 
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thtjy af» alsn aaod on incliood IW*; but when Uw inclinAtioti b 
loo great cttblewa>-s oi epooi&l cuiusinictioa an> u^alty <'»ijJ<»yf>t 
Iiicline<l cablpvrav*s can be used dchcr of a sirople in^ari^ of ir*n^ 
pyrlation, or as a boisUng- and con\^Uig-ioachifie; the forotf ^ 
arc known 05 ''sboote/' and tbc latter arc called inclmtnl c^ble- 

SbooU.— Shool5, Mr. (■arrin^ton says, consist of one fixnl ro?** 
placed on an incline on wiiieh the carrirr*, from which llie kal*^ 
lixc Auspcndcjp are allowed to run down uncontrolled one iX ^ 
time. It ix a Hystcm of a Aitiiplc nature, and u used for the Irait^ " 
port of unHama^ftblc gomljt. It rv)n!>i«t« of a light wire ro(»^ 
wlnrtrbtMl JKrtwe<'n two points, the Wevjitlon of ono being coirtid--* 
mibly aUive tlutt of the ntb^T, On ihi*. load^ from 1 cwt. itt ^* 
<:wt,,bHiL^in^ fnmi ji niuinT nirryingtintMirlwo whii'li*, are wlWi .^ 
Ui ruM iliiwii iiiieiiiil.riilli'il. Al \\\r lcjwi<r mil hni^hwiHrd, or nihi'tf 
coiivHiru'nl iiieaM?4, nrr* pn»viilMl tn nliHurb tht* lorn- pnMluo-d - 
by the running Unul when It arrives al lUe lower teitiuiial. TTiw- 
can I* eoiLHulerably le*<eneil by regul&tiug the tiHg of ihe rc^i^ 
where iho jit'ction of ground will admit, m aa to fwiuc<» th« fipw-i 
of the- ruiin<-r wltli im loiui us it approuchojt the Iow^t lonninsJ t- 
Sucti u tyjH' of citbleway in Isirft^ly iwkI for the carriage of fir^-ei 
wood, colTrtv or othi*r like material. Spans can be mmle witlimi M 
ftupiHjrt up to 70011 ft-, ami al) lliat 'is re^juiR^il inT Ax'm^ l^io nij*«: 
L<: a good juiehoruj^e ax tlii? upper end. and another with a t'>i^l«aia 
ing-g("nr at the lowi^r i'lid, Ro|x^ for lliia purpose up lo 35O0-f^' 
span& are Uiwd, made in the form of a strand; above tbU, in or!"^ 
lo ol^tain the neccfflary etrenfith with a moderate fliae oJ wif^* 
rojtea tire usoil eonsisting of several fllrande formed each of fietnTJ^u 
wirt-P, Tb<? runjiera have wheels of small tliamelC'r, anil are niad< i* 
li([hl a* possible in order that, after 50 or ILX) loadi* have been iWrc- 
f rtl, the empty ones may be carried up to tbc upper end for > i 
fiirlltir dt'bvery of material. 

Inclined Cable ways. —The inclined cablcway^ u«hI as hoiflttfig- 
and con ve>'in^'mnc [lined arc similar t^ tliON: employed on tion* 
KOntnl lines a* the Carson, the lloory, the l^dcke & Miller, elf- 
w;lh die difference that the two lowen^ eupponiog t)ip i\ 
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ohW nt^ oot ai llie same U»vnl. On acooutit of the peculiar form 

^ the catenary eun'e of the oiain cable, it U neces^nn' lo iniro- 

aodw Mrrauf^ments for Iwlduig the earTiafio ai the recjulred 

I, eo aa to lift ibe loaJ vben the resUtance lo tiavel up t\v» 

f^^t^ h lefls ibati tb<* filTaiii in tbe howlinfi-rope, Tliia is obtained 

'f means of a efn-cially coai^trueTed earriaRe, knom) aa the Wania- 

UlUpT pal^tite<l inclmed ciiblowiv, coiiBtniotod and controlled by 

Mr Li<l|Een^oo<l Manulactuntiif ComjJajiy. illuetratotl in li^. lift. 

">? caTTiaftD U pr^nilcd witb hooks anrt the main cable with fixed 

'♦ojH. In Dprriktion the utirn^^fr travels <iov.-n the ciible \>y 

gravity uuttl it reachctf the elop which enga^ca ihc hc«k and 

•VfTOIlKOtt 



p«u-ap»ibuui«i 




bin tuLff 



flOltTHtO WC 



Fig. llfl. 

ideaaca tlie fall-block, vbidi il-sct-iuin tn the ground to get the 
kwi The fall-block with Ihe ultacln''! vrrigHt is tl»*n iioi^tt^d 
until the carriage 10 rcaL)u\i, The arni oi the ffkll-bltK-k tlu-n (-lllrr^ 
Ih^carriagc and is hooked fast, rrh-ajiirig at (he ^mi^ time tlit? htjok 
ronuefitcd wtth the «top, tUufl permitting the carn:i^ to travd 
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ui> the incl'm^. On ren«hiiiR liie top of the incline the eaniafi^ 
ciigogf'e tli<r fxc<l hook, <k]ui ut fho sEiina time tlte annof i^atsi^- 
bloek i^ ri'lead^d and the [oail may be lowered. To descend aciiia 
tho fall-'Uock 18 hoisted to Chc cairia^. and the arm i^nteriiif ii 
ia locked fast while the ti?ci?d hook which holds the carriage m 
poMticoi is rclcflflcd by mcana of a hand-rope. 

On these inclined cablcwaye there are only three roptt inMCftl 
of five, as in tiic Locke & Miller cablewa>'a; ihcsc aw the ElMi 
cable, the button-rope for the reiea&c of the falUropc eanicr^, and 
the hoislmg-ropc. Also the caniagie ]& miidi •timpler, and u 
dfftigned with spcciM reference to hghtne55 find strength. Il a 
niEule of wro»iglit iron, umi the locking n»**eh»ni*ni is of sird 
rfu«ti(ig9< The whepls for the hoist iiig-nipi' an- of liu^e iiiiimfUT> 
Fjdl-ri|MT enrrirrs iwit vi v^nnigfit iron, anil iimr funrlioii I* Ui 
HupjHiri the fuU-n»[ie »» iht* airhnge ilf^'end;* the im'liIu^ TlifJ 
travel on iJie »|if^(nal lioni or inoJH'iion at the rnir i»f lli« ctf- 
riage, and when they reaeh the biittoiw their furllur jinigfp* in 
preveikt<-il ami they remain 4^ach at iIa eorres|>ondin^ butum, 
^id «ii|jpori tlu- fall-rope, until thv eurriage in returning take' 
them aod earrii^s Ihern up the incline ugnin. The fall-rope cairi*^ 
do not interfure in any wmv with the automatic locking niKlia' 
niani of the carriage. On \*^Ty hmg sfiAiu n Bt'riefi of cjuricn »i* 
ua«d, but up to 250-lt. span oidy one carrier iti required. IV 
load for thLs inclined cnbkway U 3 tvoo or Ic^ 
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thaxstortdjo excavated matkkials bv telphehage. 

Is Ihc orrialirays juFt deacribeci, th^ earners containinfE the 
""^l^^riAlfl am moved by ropoa» "iVIphcmgc ie a system of traoB- 
P^niiii; matmalB on ncrialways, where the carrirrp lire moved 
V electric motoTfl. Telpherage wa* invenU^i by Vrof. Fleming 
JfiOkiija of Edinburgh, ScoGand, and the nanit given by him was 
<^nveii from the Orcek wortJs rf.4( and *!ftfiuf', /e^nicnndfar, and 
/*^<> mcotiA to bear or coirj', Tlirirforf t«1]>henif;e means far 

According lo this iiirth<Nl, tin? earrirni iitivA along the track- 
way by means of a tnick r<'>[u[jfw'^i uf lwi» whH-lr< nrningml iu 
^^ HLtne wHy i» thow* rrii|ifciyHi in tidilew.nyA; ;tnd lUt^y nii' Nirn- 
Uftfly f;im|>i-tii.leil from ihi- trunk. Tin- trm-kwuv may lie riHiw 
PObkI (filhrr «f riKul Im-uiiih <ir i':ihlr!-H mcd a?* u mie lun tnu'kwttvsi 
*^ CTn|>kjyed — one for the travel uf llic linujcd earx, Hrwt (he ?«*(> 
■^■ul for the return of the omjjly orirs, This «yTit<»in eaii 1* coin- 
P**^l with the dtn»ble*Tnpe syxlcni of rableway aJreiuly tle^cribed, 
***«^ only diffenenc^r- txitig Ihiit whil** in tbr ff>nTier the hauling is 
■^On© by nieaiw of :i s|k'ci;i1 ntjM', h*Tr instrjid it is perfomn^d by 
"^'^tore locat4xl on all the enw or Muuply nn a few motor-cars. 

Th* electric ciirrcnl is <liHlnlHjli'il in ihe nmnncr indicaletl in 
*^- 120, SevenJ carrier* an? iMiim-^'l*'!! tugether ¥» afi to form a 
in, and the electric motor \» placed at i\ny Ci'iiicr. The cable 
f***fi n*>t fonn a f^anlmuoui* eonductor for tli*' eiirh*ni, but in di- 
**1^ into Koctionfi of the aame length as the train. Ench wction 
'■vpATuted from the two adjacent ones, anil they ore connected 
t-li Ibo^e in front and back in the manner deariy .^iJiown in the 
am, ,\c<rording to thig orrangementH there an? two wires 
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carrying the elwlric purn*ii( whi^h ("niis* lyit^h other ftt thfi exirrn* 
Uit> of cviTj' RTthiii Eiwh Mw^t'ioii of tin? rope \i consequt-nt^ 
cbfLf^d with » iiifforwii kind of d^trii-iiy. The letiglh of ih* 
cruiii U MO airnm^l that iui two oxir^intlW vrill iiJvay« b« on xw^ 
ilifFcrcnt woctbiw of iht rojw. In «iich » miuincT Ihal ihpy clo^ 
ihv olrctiit of the ciim*iit. Wit»n ilw reur omi of iht* tram X&tve^ 
one *>elion which w ehiuTced with p<iftltive rif«tricilyT to mie^' 
till' i^iicct^sftivc ^^'hk1i U m^ntivc, tht' from cnJ of the tiaui 
^'ibt running on & motion of the rofX' cha^K<^i wUh uc^Bjativc 
trieily, will enter the suoceeslve guv wliich 18 i>o$u^ve. Such 
inversion of the winent does not change, however, the dirtxX 
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of the iricti>r, CunHequontly a train which tra\x>l») automatically 
ovor one rope w never jniorfirrpd with hy the trains tmvplini; 
oilhor ill th'' ojipnsit*; diroctiun along the puraUc) ropo by followioi; 
trainx in IIlo tmiue liiit^elion liml with litilf* head^'fty, 

Scv(>r[U xy^ltiinK of t^tphcriipo h^vt Ijo(?d dcviiwd on tb» prin- 
cijiU', In tht* iJeitkinfj Aystou. nnci Pi>rr>'V l('l|>hi.T the Irackway 
i& fonnod hy two parall<l wire cftblc* winK>rU*d hy poatfl, ami 
with tho inlorriiptioufl arranjiod in tht* inruint^r indicMctt in liio 
dia^iim. Th? earriere move alontt the trackway, being 9U^ 
pended from a truck, which la coinpoaefl of two tunall whc^K 
llie motor is connected to the electric circuit by mcoiu of the 
two wheels at the front and rear end cf the trm- The mo(oC 
communicates ^lo^"cmcnt. to the wheels of the car by meaiia ^ 
bell transmissiriji. The inventors have devbed atflo & w^hciiir fun 
prewnting one tr^iin from reaching another by meaos of an mlli- 
tioTini section, which ia open or dosed automatically hy the caiH 
and whc'n a train i.t o^^ this dead section tiie cireaii iit lirrikm pffl 
and the foUowing train vrill automatindly come to a Midtl^-n i^ji^ 





m.*\*rOIlTlNG EXCAVATfJ> UaTKHIAI^ »y TKl,rHEltAnE. 245 



This telpherage sj'strm w*is sucres*fiiUy cinpIdyiHl at GUiicli' 
tm ilineon^ milt long, which h still in oiK'rntion- Thi? iiinltir-ciir 
ttrrtjiW iho cml^r nf ii ton-car trnin, j^o tlml five pars uvpi* m 
lIu'fmnLnml tiv<>»t thrn^iror tht^ iiiotor-cflr, Tlu'ca)>ftrity of the 
(on IK [00 Ww. i^^cb; ^rtd ihcy aro lc(*pt al tho etaaie tliatarw« 
from <mc anolhrr by nii^anii of (^oimpcting-rodti. 

Sointwhrtt <ltfTcrPnL from tlie flystem just ilfj<(?ril^Ml is the onf 
OW1I51 jirwc^nt nii'l coMlrolUsi by the T'niK^U TolphoraKt" Company 
of 20- 22 BroiulStrtvt, N>w York, with brandies in all th«?< principal 
cilia oi Ihe workl. The foUcwinK <loflcription is takfii from a 
ps^ reaii by (^la^leB M, Clark nX the inceiijiR of the American 
IiMitute of Electrical lingim-HTa, New York and Chicfigo, April 
2S. 1902. 

Ill n?fE&nl to ih<.> consiruction of the telpherage ?js(cin, Mr. 
Clark saya that it may be stated thai ihc lnw;k is iiuwle of cable 
"Ihcf of Atandard or lock-coil wirc» which latter haa a «trcngtli 
»p|*T[ixiniatin^ 1)5 per cent, tlmtof the flolii! Ikit. or cl«.* .^oIkI rail. 
''ithrr of tlal, ginicr, t»r bulb lyp(\ Tlii- cablMracks arc aupportciil 
^w himdrcHl fw't, pn^vided it it* ronvenh'rd to vfvci pole* or 
^triirixirps, WlwTt' ihrir niv dtrp ravine* tiit' r^pim i.-* miu\r to 
^'>m^{H>Tid wiUi thr (lb<1mEi'c, and niii bt* nimlt* of any n^fL^niahli* 
l^Qgih. In juMition tii lU<< tj'iick-<'al>li<, u[Min which the ti-lplirT 
f^^S then' i» also whnl 1* tfuiwfi jw the .tuHiK-fislun eable, to which 
the niuiTi eiibh» I* i^UMpMndod by iiie:inn of iLiinRprH t^i pnvent 
cirfwive KH^in^, T\tv mzps of tjic cilIiIj?. haiiKfrs, luid bnw'k(»lj« 
'^n-.ilq>eniling upon the w<?ight which comes upon each iDdivldiuiJ 
'Pmi Th»* support is either ma-lf* of simple poles with a bracket, 
<^ nf what is known a* A cmMtnicrioa or of ordinary croa^-lxriila. 
fahle confltntetion c«j»t* k***>i thnn r^IuI rail, except where ihero 
"e many awiteh*«. in which caw« the price* of solid rail ajul 
c>Uc ^proaeh each orher. In gi^neral, for ritrj^ight hne^^, cabia 
** t^CioinmL>nde'i exwrpt when- ih-' weight \s excc*s(ive. 

In «oltd I3iil conntrnciiim i\v flUpporl»« an* urdimtrily pi&ced 
1^ to 20 ft- apart; long<-r Mjiani* arc umtl if it lk not cmvenicnt to 
•^'^et support,-*. (.)n long opfuui, the trut^k coiu-Uu of a Kirdcr-rail 
*ttli the tfftck alx^ve it. Running pnTalli'l to (l^r track-nuJ« 
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cilhoT Abcvf or ni thr «i(lc, and Oopc^D-Unic upon ihc anioi 
lipoclrooiii. &re »trtachoJ <jn*' or more troUt-y-wirw; onr wi 
ihe Iroek bo ur4i?ti iw a naum. If, howfvi*r, il w licr^in^ m 
use the trackfl a^ n r<*lurn, or to uec aJt^nuiUnK currcDt, 
troUpy-wirofi are employed. 

Accortiiiig lo the con at rue ti on, tcJphera arft clivVIeH into 
distinct clafflefl— ccnler-beorinK, aide-bearing, airwl Ali«*riial<vl 

ing. 'Hie teuler-lM-jiririg 
two motors, one an i^uh 
flf the track; Uie t<iiit^w» 
Fig. 121) Uda bolh u)ia< 
tht.' viuiie «kle. And ihe 
Tiate h?w one motor upon 
sulror the tmck, snd the 
ntdUkr upon l)ir olhrr side, 
not iii»ni rhe wune >^afl. 

Thi? tiiot/>n( are wat«r-pij| 
and (hiHl-[»r<inr, ami wv cor 
pound vroiui<i for »\it<miA| 
work. \\Tic*Ti a ielphi>nuaji 
with the telpher, the eeriea wmditig is einployrHl, ITiere i# also i 
a epeeijil t'inl to give greaUT tonpie -wUtu tttortinit. Tlie U\ 
il* placi'il aljovo the tnn-k, Miereby kfM*[H[i^ I.Ik- uiotors from inj 
whilo thtTr i/i sJho ikj ilaiiRcr of their oomuiF: "m conta<?l with 
cjirrirr^ or ht'liig othrrwisT' iiijunil. 

TIiij hoidl [Vi^, 12JJ i.-i KUtJfH-ntleii below the telpher, or «c 
liiiioa from a trailer drawn by the telpher. Speeial effort 
bc*en nimk in lhi> later desipifl of hoista to use as little Ikcacli 
firt po.-vf~]bU-. 11 waa <lferiied best at first to combine the td 
and hol*t all in one, but there were so mrmy cases where it 
riecewary lo uao the telpher alone without the hoial. aiid 
w'liere it waa advi&ablc lo put the hoist on the trader iaMrnt 
nil the irlpher, experience haa shown it to W betiiir Ut Unvc 
teii>her and howt two ^eparatfr pieces of apparatw*. 

IVo distinct Iv^h^ fjf brakes are tiwd on telphers, either hj 
brakes or floleno'al-bfaki«, both of wliieh are aiTaiig:»l Ut ao 
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T^n^^iiir to the whwlfl or lo gTi\i lb*- tnick, [n n-^ard lo the 

^'tiioid-bfailu' it b only wjccrt*aiy lo uxplab that it 'H'orks iuito- 

""itinJly, the Wil^'Hoiil bcinjc 

P'^ocJ in i!rm« with ll»r urma 

^'^'^^ A ;<|itiii2 n<*nii.Hlly hoI<U 

''*' limkr nil ihr wbii-l OT tlir 
'^^-k. U, howi<vcr, from my 
^*^*Be, tlw mnniint <il tHinxn! 
P^c^n^ tlinitigti liiv Milc-iKiLil ih 
'^Un'<i> whi'tlH^r l>y mmrtt of 
*^tenial n-sbdiimn^ <tr by n'^t'^Ji. 

^ th<* juttilioiltll COllnU'TH'li.'C- 

'^ armaturt* "hiP lo numirig ut 

* 'iij^ spH^I, Uw* soli'TioUl Ut- 
^»oc< wcjitwiiHl ttJi'l Ihu brake 
^ ttf>plM. An air-nuhioD if 
*'^aiijr<l Hi» ihttt thr briit;ee will 
™^ uppheil eniiludly. 

It 15 often udvisablc. whcrr 
^ ^^igc umount of material is to 
*^ carruH), «<p«iftUy ever one 
^'^^skjtOttsclTailcr*. 'niwccon- 
"■*t generally of a two-whcplcci truck, below viWich \s suspended 
^ riucket or nther ^uilAble form of carrier, or evtn tbe hoist, ns 
^€^ case may Trrj^uire. It is cu»^toiiiHry, where a lairger amount of 
Hl«^VriiJ i> t« In* rarrW, to artangr? ^ lo!ig tnim curn,'inK i-s much 
** t^Q to«a. llie order of jir(»c«wti<>n Us fir?«L n teli>ht'r viith four 
*>** fh'p trailers, tlien auolher l^lpher aiul four or five irailers, and 

* t<*lplier at cacli eoih Tli*^ plarhij; of tlieat! telpher* at ialen'als 
F'^ally mhU to the iraciion. \^liile Llie distribution of weight o\"ei 
tlio whole upan, or over two ui' Ihree spans, enables much Uglitvr 
^^^^'Inielion lo W used fin" Ihe wtiLie eapaeily. 

In aiitonintir linm U w tieee^sary to |)rr>vidr nppllnneiH whrrt-by 
" ^ ini>nOTlilr» fur 9in uii'-killed <T|H»rMlnr Iti 'mjun- llii- iWpher. 
*^ Orilei, ther<ff(irv, in provide fur n>tjlingrneieMj ii "iIhiuI Mnrliifn'' 
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iH placed at each end of the tbe, the ml-lcUc of tfae line bcuiK fpXMr^ 
ifPftlly Ic4t nlive. Upon closing a e)>r~mi;-flviiiCclK tlte d«a<l aecliotf^^ 
i* cin-ntiaixl so long as the operator korjuA his haiKl on the iwii 
which 18 ir^&cridty only a fc-w stTomb, duriru; which time tl 
IdphcT ptu«e« to Ihat portioa of the liiw which ifi alwny5 idr 
When it rcachcA the oilier cad it t^ino upon the dead oocli 
mid then cither jBihovo^ dawn of it^own ac^conl, oretaea mechanlce^B 
or ^'jlcuoit.i-brflkc i* apphpJ. *J"lic ttJjjhcr then parsed unik-r tl 
revcr^ine armn^mcnt anrl it is therefore reversed dther with 
current ill the line, or else with a high resifltanc^. If lh»' t«dj>hi 
19 nt the- further end of the lin^, llie opcralor at the near t-jid* h 
r,Io«iDjE a snitch, axn hrin^ it back to hini- The Uea^l si'ctioiv'i ai^ 
thi? I'tid <»f the hrnv which nnly haxT current mi long as (h^ tinuil ip^?= 
\\Ad upiin ih*^ npring-!*witi;h» n-iulcr ihr lim? »?» M.fr a"* [wstfLihl^-^ 
u^iitht the t4-lphi-r coiniiij^ in miitncl with thr ti*rmi[ia] |Mwii__ 
An nLJl^iiimllr lilrKrk Ay.-<ti^ni pr^vfTilA niltirttdii iif l^lphirrH, 

In H'ntiljir hcrvlce iIk- fi|HTd vnr'nvi fnim 300 lu S(X) fl , ptfv tnll 
ul<* up Ut 20 niilcft [>tT hiMir^ or fvt'ii nnHv when rcituJri^l. 
1ow«^r spe*Hl« lire uw*d when lh<? lines are Abort, imd whrre ihi'J 
an' many I'lirves, [x^nti<ni1arly fur farUiry juid fuimdry W' 
For linos mrniinj? aertniB the couniiy a speed in exeftw of '20 mil 
per hour can be obiainedn but with the higher speeds tin; <*o«t u -< 
the cojislruetion increases, certain speeial devices bein^ n(^«s*an- 

Although Ihe amount of power can be easily fipinnl out, >'«^^ 
It is somewhat in the nature of a Burprii?e wlien we eoiiiizd(*r thjii^l 
to curry half a Ion on a level track, at a e\w^{ of 6 milfis per hour^^, 
mudi leas than a hoi'wvpower is required, including all Uxwc^^ 
The absenee ef gi.'anii^, the niotonii being attached directly I— ^ 
the driving 'Whei.'is,gi\'w the highest efficiency fx^esiblc, as well a— ^ 
frcpilom from noiw\ The actual power eonfc'umed at 6 tnile^ in^' 
hour for lOUO lli»^. on a level i^ ordy 0J6 H.P. It ia therefore ac*«^ 
that rumple allcwunce is in^uk for h>fw?a aiui e^lra wci0it£ n^rt 
provided for in the loot!, such as <iown-corin^, bu<*ket#, or rami 
The powtT retjuireil incrcik>i*s gnMly witli the jcra«lc, and 
thi£( reaches cerlnin hniit^ it i^ dt^einol adviaablc U» uw gcarv 
order Uy reduce the weight nf the motors. 
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^ An impnrtanl foMuw in Idphrrairi' h the rn|Kicity <>( ihe line, 
'Tlitvt axv. two factorn of h|X'dftl mi[Hirtanc<' in rcJjition (o the 

t^pliprd 2uul Iraik'ra. The line can be laid rmi wilh otu* Idpher 
■^nii a fpw irwiore. Mor«- tcljjliorfl or traikrs may he iwt(l'^<l. aihI, 
" upon a single line, couplcrd iit long trmfi^- If it is ilcslreil to 
"Wrcaao rtill furllw*r Ih*^ capaoity, iJi* Vine can he made tbtihlp; 
••^bilt, if ilcmrcd, the earners may also i>c made cnntlnuous. so aa 
to take hox<« and harrelfi. or any ot}uT niatrnal. its fa-it a^ they 
^aa be tleUvercd Uj tlie canicrs of tlic tt-ljihers anJ trailers. 

LTlu* flcocihilily of tdpheragr- in regarvl to capai'ity in wonilerfiil, 
<l ifl a iiiwl iTii|i'>rr!uil fi^fitirnv In r»ct, it. iii»y tx* j>jiii1 Uiat 
■bcrv is pmciically no Uinil to iljt ni-:(ihility. It » rcconiwi rv*»n, 
^ Caparity nf 25<> Ion* p-r hour earri<*cl mi n linp half h niili- hmg, 
rtien? w n<» othiT tiirnim nf IrarKpiirtinj^ innlrr^tlH whirli run tx! 
*1>om1ciil ffi H'umnEiiiMlly r rhi-riply, ntui in m> rhunjiighly ffalia- 
<iPU)Ty n iniinnt^r a^ t4*Iphi*ntf![e, 

Trlphi^rA^^e Uiw 1»ppii ven' siiocassfTilly cniployj^l ^.s n m^ans 
^ carn'tngti^trrialii from one pari to anoUu^r of Inrge and <?xien- 
've faotoriw, in earryinR coal and ash^'s in poivcr-hmiM^j', in crm- 
'^ying tht" products of farma and plantation!!, and In tho trane- 
"^rtgitioi* of ores in mminf;. In peneniJ, it may hr* ?mid ih^t 
^Uetcv*^r maimal U to hi? ci\rrie<l to a disianc*-^ llioro ik im [nm-or 
*' f1i-x)ble, eo ^cononiicai in first cost of inBtallatkm, co^liiig jkj 
i*tl^. for power or the exiM?n*c of mnintf^riaDC^, an*! with such 
CJ^?at capacity, afi tclphcriigc. 

^'otvnthAtanding ih<^ Uniii^d Tolphcnigc L'oriipan>' t*latcft thnt 
Ifa niothiO<[ of tran A portal ion of excavali^d riiatTi^l>^ i^ui be advnr- 
V«>OUfOy ^^mplo.v'Oci in llio construction of roruU, nulromls, lUid 
*^*l<, it has not j'et enjos^d the (ikvot of thr (^itgimi^nt aitd eon- 
^**^ior*, Tlie writer has n^> knuwloilgt- that it hiu evor hcen 
■"njiloyctl on public work*, with the exception of an aerialway 
>^^\-idcJ with an electric ujotor which was used on some ^ectionit 
^ the New Y*)rk raj>id-lranf4it subway. It was invent^ii by 
"^W, \V, F. Brrilhcrn uf Xt^w York City, and can l>e considert^d 
Blnong the tcli^herawc syal^-n^s more properly than under cable- 
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ways, because tb« ein^rle ekip is boiete<) and moved back and 
forth along the cabl^track by means of ^Wtric motors ln»U*0(l of 
bdne niovcd by hoisting- an<L hnulinir^rope?. This »^oial i^ecuio 
cablcway i$ illu^uau^d in Yig^. 123, 1!^, mid 125, ond wan 
scribrd vn finifint^vring ,Vmi*j» a« follows: 

One of thf* wEiic(iii; fofttviros tjf thL-* cnblcway is Uic manner ir»- 
whlch i\w main cubln i^ cnipport'sL U ii4 tinted at cithfr oDd to 
inoliiKil A frartiL', vrhich i^ free t<s avring up ajid down, and 

l(i*ulpil by fL w<right hanging ni il(* ouUt end. The cables 9t^^ 

liorUng Xhf ;v<'ighl» on ihe A fnuuci^ art of such a length iha^^ 
both weight.^ taiuiftt re^l upon the ground at the aamc lime. T^ic^^ 
pro;H?r magnituilp of tJi4*tte weightfl \» knovni from thr deflcctioc^ 
pf the main cable when the latter a hanging frw-ly. 

^V^leR the carriage travels away from r>n*r of Oie nhf^ir', lli 
m^^in cable sagf and the weight at tliat end tinr^, but wh<*ii th 
canringc returns the chim^ in the inclination ijf Ihe main mlJ 
at the point wlitTe it i^i attached to the ahear \» siif1ie'u>nt h> pv 
the weight a prepiwidcraEf-Cf and it sinlu. 

Thi** may bi^ undi-mt^rtnl fnmi Ihr triangle of forrea in Fi 
123. Let AB be the force exerted by the weight baJtging \-ert 
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I the n-wltant ol hC tinit C\l. Exnil vrilt imll the end of the A 
ic down until a m^' ]tm\[\on r^f cn^ilibfiuin bi reached, lU 
at«d b)' tbc triAngilc li('A. The w<*rk ilone by the foiling 
lit is cxpCDilc^l in lifting ih^ Unxd <>n the mrrioge m that the 
JT 10 MSistcd II CfrlAin miiount. x-^ it opi.rr(i<^hr-s titr A fntmo. 
j^eoon Account of thr niitvuiuitic lowrrii^ of the Intli^r Lhc^rr 
ptotal voj\i lo do. An ini|)orLiint Adv&ntnge of tills arrange 
t l< thiit thf' ;<kip may Ix^ lirougtiL out 1>fyoiul tht- |)oiitt of 
ai '}( ih*- A frjy-ip, a>i thji l^ .m^'n in Fig. 124. Tin* luadiiim 




by eU^tridty, an^J the Heetric motor is moant^il dinn^lly 
tmveling cutrinne. The oj:ierfttor ridea oo tli<T eiirri;igf? 
eoatroU the openitlona of hoisting, conveying, dumping, And 
nog by ft Kvsieni of awitch<*s The electric motor whit'h })ct~ 
s tho work of hoUttiij; aiid conveyinj; on the c jirriugi^K is of 
iJ*, cft|)Reity, ftnd is provitled with the usud switchrs. rhco- 
and o(h(:r coutroDiiig devicod. A reveming-fiwitch cnablos it 
jm the cttfriii^ in citb^r direction. Upon the t^nd of the 
SPflhaft is niomiii-d n fnction-pviiloy which iimy Itt cnuficJ 
Dgage and driix* i'IiIkt of the two large wood'Timmcd pulleys 
e spcn ujx^n ihf fiirihcr i*ide of the earrioge in Fig. 12.T. The 
of the upper large pulley carries a pijiicn wimh tng^iges 
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c»f l)ie two Iravelinff-wht^eU- TV 



T5lt*'>i |j 



the di 



uiym which am wouml 
fnmi which Ihe skip 1st »iui] 
Thf^ap 1 1nin^e nmy be worked i 
IH^ti'lHiUy, and m that wny 
fiidp nmr be duniired. Th^r inol 
cure hoi^l &n*\ parT>' a ski|>-l<wl 
iilHRtt Ihn* tctis. 1"he cairffiit 
It'll to the inoUyr by a ^niall trvL 
wire 94tnine below the main 
tii\*\ whkh may be «*n 
over the two sm^iH wheels at 
wde of the cnrriage. "Hie 
ciible entries the return et 
Thr TiiJirn csiUh would annually 
gniuiiilc'd, but in the in^UiIUli 
nr rjii!4 !<yr^lcni on rhc Sertkia 
i.if Hip N»'w Y<irk rapM-lnii 
Pia- 1'-^' whi(-h is hiTi^ilkistraU^d^s 22(k'o 

'dire(?t currvnt wo^ taken from the Edison thrvtswire s] 
Tliis n**r(.*s?*l tales iiisubitnr^ in th<' boisliaH-ni|H*K lf*:icling x*^ 
slti^j, whiL'h ill ihc^ pri'si'iiL instjuice an> short plee-OJ^ i>f niviilhj 
rope. 

Tht- ailvantage of tbli cublpway is ihat t>iw> man do*** lb! 
work whieh requires two or iiiorf* men in otiier ly|xw of In^Dcb- 
machitie.'*. l*eeidey, the op(*rator \^ loeatmi cloae la the il'p 
whieh k iiemg^ moved, aofl ho enii direct the movement* rflorii 
more uii^ily than when be. ie located some difitaiiw (iway, us i 
the on^ineman operatinfi the c^^mmon aleam trench -machine 
,^other advimtage i@ that the A frame may be mounted i^^ 
whoele. If one \a so mounted and the other end of the cahli? 
fixed, the frame may be mode to travt-l alxjut on a eimilar 
having the eentet of cnrratuie at the fixed sii]>port. lo i^ 
way a large ar^a may be covered. In a amihir nmoner bo4 
frames may be mounted upon wheels rumuiig iijwn parallel (i 
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Tlie work at ihbi madiinc is ^\vti by Ihr imrnlor and maDU- 

U" ronv^nienlly empUiypil for s^vpfhI [mriicwcn ou jAililic urrks. 
(HiircounI of the f^prtHl ArmngrrrM.-nt f»f the A franio jU£t mdi- 
CMni, il w very valunWe in Th*- (.^xraviUirm nf Ktiialt dktnbutljij; 

KvoiTS ADcl of largf! ran^ils in niiirh thp oa'avated maieriaJ 
to be (hmiped in some? pTa^ .^ti np^Ule Us edgofi. One of 
' macbinre, with a span of ovpt 100 it., vrsf used by Mr iciui 
S»U. tlie eontraetcr for Section II ot the New York rapid- 
tfVHt railway, [t bag pvpn perfect satigfa^'tit'D in all i\\e 
p^td Haimed by the inv(?ntor, but Mr. Sbcpard, the eiieiiic<T for 
l^cootrflctir, pialeB tbat in the pr^^gpnt fomi it 19 a litlTc t(>o 
*w for iLe hacdlinj; of earth, while it is the bcsl device that 
CooU be adopted in thf^ construction of dunig uhere nH the vori- 
** Btofic« couUl be set by the opernfor id a mi>rc correct, and 
*^in an ca^er Acd i^uioktr manner tbfinvkitli miyoihc^r means. 
TeJpheni^ can be u^ &h*i? m cxcuvatme and leveling, in 
mparing rood-beds for nkilrotui», as it \s shown in the accompany- 
n dugram (Fig> 120). To »ich a ea^e the function of the tel]>lier 




traftfipoTt the hoist, bucket, and load. Thi> Mi$ft do«s thd 
^uavati&g and elevating. The hoist auiomaiieally brakea itaelf 
Aber upon the ^rder-rail or t;npe the cable as soon oa there is 
lay longitudinal etrain. 

though the vxca^i'aticn can <loubtlefiB be dene hy mcona of 
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lolpJifM^ ihp iATiT**r (kit*! not know of aiiy tnsUnce in which Id' 
(ih'^ns hiiViji h*}t*n cmpluyt^d for i=urh a |>urpo»=p; whUe, on \ht 
(ithfT huml» nicviibb cablcwu}"s liavc? bpcii used wilh ^Ifniid 
rc«iilu, 'I'huB on Scrlion Q of the Chicago Drainage Canal ibe 
cxcavatitin of the saifacc mxitcrial was made by a large sctvpr 
comtTiandt'd by movable cablcway, which woa (^«*ignf^l anJ 
patented Ijy Charle* \ iviaa aiid controlletl by tlie LJ<]jii'n^-i>t)d 
Manufacturing Company. It was adapl^^d lo deal wilh wfl ruAtrrul, 
which it did very efficientlyj and has boon succf«*fiilly rrufilin'Ml 
siacc for handling twind and gravel in the? excavaUon of r^uinLii^ 
for TAJlroad work where a deep cut anil fill adjoin enf^li other. H 

The \"iviun srrnjMT 1* niatle of *leel 5x5x2^ fL and havi^ 
n rapuelty of iibiiut 3 eii^ yth. It w filled, conveyed, antt dumpfd 
by ineansS of r()pes itinvi*il by iin piigin** kHjalinJ nl the leaf of tM 
»poiI-barik. Tlie ropes arp snpporleil by Iwo high wr.»oden lowprt 
pnivided with sheaves aiul head-tackle. Tlic purine and brtlrr 
31^ wi41 Jts boLh towers iire iiiijunti\l un cunt in order to follow tlie 
work. 

The Vivian semper is npcrafed in the following way: Th* 
nutlcj^ running-rope oJ Ihe cableway alt^iehw! 10 iho rear of the 
serajier i& pulled until the scraper standi at iin nngl^ of about 4^ 
with tlie ground. The draR-rof>e comiecied lo iho other drum 
of the engine is then put into goiu*, and the werapcr will be puJW 
along. The endU-tw rope i* conirollod by the hmke until lb« 
eeraper is filled, then the endle^ti rope la elackinl tiff and the MrafKT 
hnuled to the flpoil-bonk by ihc^ drag-rope. To thimy the wraF**. 
t)ie drag-rope is Ihronn out of gear ami the indU-™ ixipc intopuf, 
upactting the scraper, which will unload ita conlMjl^. Wjcd 
emptieil the engine is reversed and the endlraa rop(' uill rdum 
the scraper to the ent, allowing the drag-rope to overhauh V>s 
Vivian scraper i^ operated by llirce lopea — one li-iii. dmg-rabt* 
which 'b-ag* the loaded scraper, and two J-in, rope«, one uf ivhirh 
duirips the scraper on the siK)il-bank» while the other, cafint l^f 
out-haul ro|». retimis the scraptr for another loaiL Tlww ^ 
latter ropes wiral on the opposite side of the saine druED. 

Fig. 127 shows the Viiian scraper loadi*d and 
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bwiKiiWrnnk, aiiil Fig, 128 ahons th<* tiiil-loiM^ cf Ihe seraiK^r 
I kl iift.H \vr%\ al Maweiia, N. W, by tW T. A. Uillt^-3pU*C'oiapttD\v 
•Mat*, fur (lie caoal of ihc tft. l*iftTCu« VtjKvi Company, la 





if(!bi«'jifrc»CaiiiJ500rii.>^1s,ornLrtUwerooftent^mov«4l in adtty^ 
tol (be i|ujmti1y of Ihi* f^xcav-uwi mftU'ml chi^y depends Mp<jn 
OP quality trf Ihe soil aiid tin- ciiitwiiMfm*' "f iho- iicni|H*r>i. Thxts 
ilMAfispna a greater oiGclC'fioy iA^*t *>bittlni"<l from ii ¥< tu^iht 7 x 7 ft. 
in it will be safer to caleuliili* jii 5()0 cu, ydt;- ^mt i«ii-liour tiay*» 




\ 




Fit* 138. 

Mil the qttntitity of-loofio mnl excavat^i] anil ilr^poHiUHl on the 
pniUiank by tiv^tuiL^ of the Viviaii HL'ra[>er nperat^tl by a movable 
iLb-wny. Tilt' daily running <x|tcnw« for extravaling and haul- 
^ mrth l>y ithjiii* of ihr Vivbn hth|h't art givpn In- ihc daily 
vtfumpiion of coqU ami ih-: n-ijuinnl labor, This ccmsists cpf a 
■ew €0m|iO9e4l of 1 t-ngiiwcrj 1 fLrvTiiaii, and 2 Hgnalnicn. 
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CHAlfCSt, nOPKft, RrrKKTS, KNQIXKS. ANT> UOHVr VOViTV. 



Im co^(^Uuii^g thi> lU'ricription of th? various ma^binf^ \t^^ 
for excavftling an-.l lijiuling h i*' il*?flirfiblp lo <le\"ote a few ^^f^^* 
to ropes, back(?U, hoi^tiiig-ciifElnc?. ;ind motive power, ^'Lii"^ 
have alreatly been niFiirioned on i*vi>rftl D(*C;\eioii& 

In the 8ti>nni'ehovol jincl crun^ the houling la usually *^()i^ 
by means of rhainj^. Thr.fir^ pro fonifpil of pc^eral tinka ii»'ri*^ 
into one another at nght :ingli^. KucU link U mndt of an iniA 
roil Vfith tt (liaiuetcr varx'ing witl: the work expfcl#»il fmm \l^ 
c\iti\i\, Imt Kem-rally from j in. to 3 ins, lljey art' Ix-nl anil wrlilwl 
iitlu ih(< form iitilicateii In Fig. 120. Cliuiiifl have tin* <Ifii*cT of 
wcariiig off very eaMiy, and this U tlije lo the great frirliiiii to 
wliieh Ihey are nulpjw^tei! in paHHiiif; iivi^r the »he«Vrt< ami <3niiM*- 
thry tH-t^imii- ivrakiT anil vvpiiker until iht'y rin- cnmirniaitl or 
hreiik- rtmins reiiulre to lie hilirieateil iv»!iiuKioiii4y, 

Lately the C. ft". Hunt Comjmriy of New York liavi* bttithlut"! 
■onto ihe market a laniiiated ehaio {Fijir 130) which i* mv.iMf 
for strength, economy, durability, and finiooihiK^M* »:if acii'if^ 
Tlie Unkfl in thie cljain are flat, are punclied from arti^ol e3fp(*ri»IJy 
rolled, and are conneHed together by inAane of ri%vl4. By i^"* 
Special construction the chain afforde a (creat resiatjine<* io «**' 
and 'oj ', and is urliculated to (liat it con easily Iw u-otind aroun^^ 
drums. They, however, cannot ho vround on n puralk^J liniin 
b\it mnst he wound in i\ Pt^irnl. Knpnee aro conMruc^^l ft^tli 
drumj^ wide cnoujih to wind Ihc lainimilccl ehaiiw iti n ^inz^*" C'l 
The atlvatitages of (hia cliaiii arc that there i» do dan^r of 
iiig without wnrning. that Ihry awi more economical both V 
maiutcnance and rt^i^aiis, and that any man iit a half hour'H lin^*, 

urn 
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'rvthi'ti or AwtXvti the chain or remove any put anrl insert 
|Liocc in it« plucw. If ap ex&aiuuLliou of the clialn id vant«vl, 





lTvfi4i«%Hfl 19 cut off ao'l ih^ cK^m taken Apart. A dcw rivet 
ilinmirtliAtelymakfT tlie chain good agam. 
Ill iImt la^t intrnty yf*iirs ropes havo acquired a ^^a( rnportaiKt? 
a)^Dt*€nng an.l im^chanica) woi ks. lx>th for hauling purpux4 
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and for tranHmission of powi^r. Thoy au^ lunally manitfu/HQ] 
front iwo materials — steel or iron vnv^9 and >t]LnjUa fil>c-r> 

M:imIliL r<.ij>e k made from the iiber of the Aluf- plant, whi 
grtJWM only in \h? t'hilippme Idauds. Thv truiil: of th'T* plni 
whirh n'H^niblct) the bAnnna-tree, Is clo^fly cnfoUlf^l hr long k^^-t-iic! 
an<) from tlj?^ kn\^ ifi procure the fiber » woi>i*rrfulK' ajin?»< 
to thp roqutrpm^QlE of Tope-makizig. IliU fiber viLrics in l«Qg&1 
from 6 1o 13 ft.^ and in sonie leaves AttaiD« & length of 1$ f(. ] <^ 
teninle strength i« rcmarkiibic; otiim] tests at Wnt^rtoiiT), M mo p- 
bavo proved it to be in excces of 50,000 \h^. p^r eq, in, Tl** 
great strength, however, is shown only when the libers arc «ifc> 
jcctcd to a longitudinal otraln* "Iransverecly. owiofc to thff** 
cellular formation, the fibers arc reUuistly ivTak- Tratwmisiio' 
rope is made with three, four, or *ix »tr;in<h; the lart t^x* ba^i^' 
an inner core, or hcait. around which the outer »traiid4» mt Ui^ 
Manilla ropes are used extensively for the trajiamunioD of pov^ 
M substitute for the leather bclla, and their tlescription baA bee^' 
taken from the little book on rope tran^mlN^ioii published by tk'^ 
American MtLmiriU^tuting Corn|inny, of New York- Althou^fiS 
Manilln r<k|>ps nr** very \i7ii'M to tUr ounlnicUint, yvt in roniicctic^ 
with exeavating mid h.iuling appstraLus only wine ro|H's .ire umnl. 

Wire ro|x? i*! made of wia-^ either twijtied tottethiT or la^-3 
pnrallel to each other. The latter kind is rnipliiyi-d only in lar^ 
8\wpen*ion bridge, while tlic funtitT is in gi^ruTuI iisr. There »-* 
two forms of wire ropes, fint und rnnnd. I'lal-wire ropes eoi»-5^ 
of a nttmber of win? strand* which bftvt* U'ea l»i<l *uJe l^'»^ 
and sewed together with finni^^dfd wirv*. Round ro^x*, whi<^ 
anj the most eommonly employed, an* uoirj^rtneecl of a nnniljer " 
wire strands twisted firound A core of hemp or »routid a k^^ 
Btranfl or wire ro]K\ The frtantlard wire roi>e in mjulc* oJ fix ^^ 
elriLni.lE and a hrinp core; this arranjiement afford* the mort WJ** 
venicnt and compact form, as the strands aad the core arr \r^ 
tically all of the aami? Kite. The core of a wire rope is, aa a tA 
hemp saturated witti tar. It provider little adcfiiionAl 8tr«i|tfi 
but nets as a cushion to preMTve the Amitt of the rope and Mpi 
l*> lubricate the wires. \Mre strands are made of wires twtMd 



I *'^lW- TIk; number of wirefl conimo&ly uawl are four, atrven, 

I *"*h^, Linrli^n, luul thirty-seveD, liqx'nding upon xhe nature of 

^^ in>rk fur which tlie ^tniiuia are inw^jiiicxj. OnlinarUy the 

■irt» ate tvrtHleii in tlu^ oi^poaite tltiectioti to llie twiM of the 

"^ttJMtw ill the nijH-. 

TV Mntiftih uf wire ropefl tiepeods cbieBy upon che matenal 
of vhteh tlw* u"ir« are rnxule. As a rule it can be /iraumed that 
rt is (xJy SO i^T t'Mit. <]f ihe afign^gflte fttivngtli of iill of ii;^ wires. 
Tli%^ x\\e gtn'Jigrh of ilie iron vnres ranges from <Jd,000 to J00,000 
Ibw. |-^T*<i. in,; open-hearth steel from 50,000 (o 130,000 It*- per 
«|- in.; cruclbk steel from 130,000 to 190,000 Ih^. \^ eq, bi.; imd 
plov itoel (mm IflOOOO to :W0,000 lbs. per sq. in. The working 
''^ad k iiniiny c^lculntetl at oDe-a^^vcntk of the str^nglh of tlie 
*ine rope. Tliifl factor o( safetyi however, f^houkl be modifiod for 
■t*^*«al caant; ihuft, for iiwtanoe, elevator r<>pe8 taehlom havo a 
'oo^l o( more than one-tenth or one^lifl^cnlh of Ihcir breaking 

The follomni; tah1r< taken from lhi> catal^w^i'^ *>' the American 
'^c:^! & Deniok Co. giv« llic l<Tn-iiIi^ uJni w^>rkiiig slnjiigtli of 
^*^»ioue ropes: 
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But vrire ropea ar« not aJwaya used to holfii the omterirtl^ In a 
vprtieal <lireeiion; they may be employetl for hauHnfc materlftla 
on incline*! plauM. Measre. A. Roebling & Son pive thft foHowIng 
tAble in vhich the strain produced by any load can cauly be 
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calculate. It giv^ the l^t^fliD od a rope due to a load of oae toib' 
of 2000 Ibe, allo^'ing for rolling fridioiL An atlditional dlotran' 
for the weight of the rope will have to be made. 
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lu tho prdt*oiJing ohrtplers it hs£ been 0M11 that wire rcpc?^" 
are ufit'd in public works oiiiefly for two difT^^rent purpoeee, oittc^^* 
for hoisting or tv»: Iniolw for tho iiorinlwaw, ViTicn ue«) for th--^^ 
Utt^r jiiiqujse, lln^y huvu the efiirit constniotion a£ when c 
plo\'oii m lioiatiiig, except that the strun<U contain more «i 
and tho ^limuHor of the rope i^ usniilly KrcaUT thtui 1 in. Iter 
is no Joubt thut tht^ec wire-rupc tmdcwnyy jirr liable to wear a 
\rr\' i^asily, anrl when the outsiilc mna an? worn out» the ro_ 
becomt'it ii^lc'-a^ lini] muBt Ix^ di^itnlf-iU it<Ttidi^, tho twiate^^ 
mrc coiiipoeing tho Jtiraiul^ form nri irrc^culir aurfacc which KaJU'-^ 
in wfar ami a gr«tl ■ftTwtc of forct^ in hnulin^. 

To nvoid tlitw; ol'jcctionei a tiatk-niblr of s^^i^ ponslructio*' 
hn^ Ix^n invejilnl ami ii^itniU'^h I1 j^ kniiwn tm ihr iTmrkct afi 
thp '*piteiii lijckrd-roi] rablr," Jirul ir wMi» mi ralltnl frodi ihc fact 
that i]vt oilier win-.H nn* of t«udi f*Jiiipi; thai. iJiay intcrWk 
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etcli Other, as j4ioia-n in Fig. 131, Tta^y prcwnt a r^ucxilh Mirfaw 
ADtl yrt ;hwm*3W MilTiru*iil ^pxihilily 10 lM^ »hi|j|)0(l in 
CuiU Willi this riiliir rm* iilivifib'ri !lir ififTu-iilti*^ 
i>=aiTling fntin fmi^iiivd ^in^H mul iiritai-ri xitrf:irt?t, 
vhiin ihi' ^x'uriug (if ihr Piirri!igi»-wln»olM wili hv n 
mijimmrii, Tliis fulilc Ih nuidr of su***l ui WglhK i»f 
frinji SX) to 120() ft,. wliicJi urr jiuiicd by |}ak>nt 
fKipliijgs. Th^y linvi' Imh*]i iT>;|)ociiilly roiislnic1c<l to 
Iv ueeil its triu:kwa>if in coniHH^lioi^ with the Blelckert 
pil^Way, cnn1ro!I*.Hl in ihw country by the Trenton 
iw>Ji Company. Thty lruck-rnl»U'K :^^? griuluaUrd to 
the loa<b anil prrjwuro they iwivi' to sustain, and, 
^>■tng 8iation;iry, po^-tMo^tf llic^ ftnul Ailvonto^ of re* 
lirvuig the IrrtClioU'ropc of Llir weight of th(^ hiiAa, 
KoihAtoii comparatively lovcl lines tho tt^nmon upon 
thr t ruction -rope is but little more than tlic tractive? 
' lurci? rcigmreil to move IIip lomis. tx-- i^t 

F Hie fiuthor ha« founil thai thcee ropos imr non- rx|H*rwivc in 
5m awt. and alw very expenMvc, owing lo tht fuet tbjit tbe 
whole nifje Wrome_^ fntiHy itBeleaa wbi-n cmly <»m» of flif inirr- 
bAwi uirew iti'U out of pWi', It is tnii*, hnwi-vep, thtti on turoniJ 
rf llr viitKMflli MirfaxH' niiifiller foriv it rHjuirpd for Imuling tho 
CuriHgr, »'>d ImiUi iIk- IrtU'k of t1i(' riirri^^r and iht rope* itwlf 
•n* mbji-flrtl to !(■?** w'l'ur- 

Tlii* insuiiirttelun^i^ rUiin llmt liiininiite<] ehaii)j4 iipvct wiur 
om in tli*» ontbioTy ienae of the i^mu The wour ht f^uti^r t>n tlu; 
*ortin|f inui of the chain than on fh'» drum t»nd. A piece 5 or 
10 fi. lonjr ii< eut ofT on tiie working vuA wiM-n it show« w<-(ir, and 
a eorrr^iondinic U*iigth of new chain ia rivMo<l to t^»e flnim <^w!, 
^iis i\w ehain ailvunc^-i forwar-i step by *il<rp, the engine cm! 
"'irig always new and the working end ihe mrtuX worn pari. Tlic 
^Iviaiajjt' from this facility of repair or n-iiewal ^.-f a worn ^Mirt 
■*? the enpncer in chnrEc. tof^ther with liir crral durability in 
*fvw, uuikea the expense of UuiiinateiJ cliain \h.-t (on of iiiatmul 
'''■Med a autn iDfiignificaAt whrc conif^rHi with ulcrl-wlrr rojie 
^ must be wholly thron-n away if one |)art \s worn too iitueh 
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for note boiftUnfc. Lfiminated chains are built in thrc^ difFei 
m&i^ aiicl their breakup &trengtli aod thdr (>quivKlrtil i^trpuirt 
OM compareil mtli wir^ ropes are ^ven in t]i« followintr t^tlc: 
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Skips. — Thrr mntcriiLlA vrhich are rAL^il from th<r bottom t**'-**^' 
ttiF' 1ii|> nf tlnr i-xrnviilloii by mt^niis of I]ob<ttrig* uni) fntiiTjiu^ ^3y~ 
nuirliimw art' pliLO^'il hi ivc^ptadert or ^kips of <liflrn.'iit f(inim*^i-s, 
vjini'lrig wit.1i tie ciimllty i>f llie iimtcrial rvjiiovnt iiml ihr icji^ia^tf^'^ < 
voihUiiiiiik i>r iUri work- T!ie most coimtKiTily fiLipliiyi^d n^rpy ^ ^^ , 
tjur1(>^ Jiiv M'uli^s uihI liuckt^tH for i^arlUr and )(rnl>liiiig-r)i»tr[7( ffw 

|[tUni4L 

Scales. — Sc-alw* are usually moA^ of wtml mnfonwl with iron 
TIjry eonsist of ii equare platform 3 ft., siilts *rurroimfi(Hl by boarili^*^* 
14 ft. high on three skies. Attached lo the platform nud u\ th^^-^ 
(wnter of the open sitle of tlie scale there is an iron ring, und twcz^"^ 
similar riugs are pro\itlecl at t!ie lop of the rear <-iid of iW twcr^^"^ 
pandh-1 ^ide-l>oanls. The scale U lifted by |Jacliif; iii Du^m* niigf^^^< 
hooka attaohod lo ibe end of a pyei^m of three ehori eh^iiLS whirl*"' ™ 
an* suspended to the hoiBtinK-bloc?k. On account of thU amirifr — ^"^^ 
meiit, in hoiaiing the scale the material that ii contains u-ill z^xi — ^^^^ 
tale toward the int<?rior, thus preveotinp it from spitiinjc fron^*^ 
the o;jcn side. The UTilomlinfi of these scales is very winplo— ^^^ 
When the dumping-plncc has b<?cn reached, which may kxi eilhrP^*^^ 
a wa^on, i\ car, a bin, or the Ppoilbank, the scale \b lovers! m ju^^-^| 
to n-Iic%T the ohriins of thr ^^'cis^hl. then Ihe ffont diaiii b 
movc*l from Ihe ring atid Ih*' r^£*iil<^ is slowly hoisted* 
then altiichcd only by the rcnr ringi* this pail wJl be rabed wMtes--^* 
tho front will continue to rrrnain nt rt-M, luid coiiae^qtiently Uig,-^' 
material will ntsh to ttuA tndt and thv twnlc will cmply it^ conten 
into tho tvqulrtd pUce. 
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^fa^ii ImuUiiig knLs, Ui«!y an.' r^jt^nUy ilea[ro>-<HL In Mirh ii r»w 
It b mcin' <-oiivrtui»nt Lo havo tbeni ramU" of hu«1, lik^ thow tin^ 
in xh** coruttruction of tlic <umioU uiul*rr Park Avcn»i!» for Ihi* Now 
Ti'ork rii|iUl-tmitfli railroAtl Hi^ro !lie itcaliw fni|>loy<Hl wi^re 
-1x4x2 fi,, 011*1 wvTf iimdi^ of Ht*H»l ftnd nnnforcoil i>i«*fts of iron. 
Th^ M-^i*f( V4^K> i>laci>(l oil top of pUtfomi rar» ojid lonilcd with 
ibe niciterUi at tbo froDt of the excavation, aiul hault^fl to this 
bottom of the aliolt from which they wore raisoit to Iho Kurfncc 
1)^ nuttiis of »tilT-ltf>jc 4lcrrickdf and the material they coiitiiined wng 
<hiin|>c<l into ^]>eoially eoiislnicto^l h\u». 

Sealed ean oJiro l>e tiutontatically dumpc<l in the air, ilh \» elcitrly 
•hovh'ti in the TCi)roductiaii (V'm. 118), from au mtitantcinoou.<« 
photocrl^Ih. Hua maniter of dumping was emi>loyeil in the 
eicftv&tion <A the Chlcaf^o Drainage t'flJiaJ, and th*' scaler were 
atlaeheid to the hoisting-rope of i!ic hoisling and conveying: c*ble- 
vTAyft stretdied across the canal and over the spcil-boiik*, whieli 
were located at one aiiic of the canal. The amal dump of Ihr 
M*jJ^ wax <^tained b>- meaiiF of an aujKihary rope, niiiii'triK inm\ 
Ibi" hoifttiiig-iiruni of tJie engine over the carriiige, and aUaehwl 
tf:i Ihr third chidn nf iIh' ;iktp. A^ the rainii^i- appnmilird the 
hcjul-toui^r fiu<\ i!u' *eule was just abtjve the H|JtiUdjjiMk , !his 
mixillan- m|>e waj* drsLwn in at a !iig)ier rate of K^toed, ihuf* raising 
the etid of the bcabe and apiJliitg the load at the will of the i<jigiuver 
Uid nlule the eaniaf^G was in motioiL 'llie engine wan lhi-rt in- 
ttanlly reversed, and the carriage went hack over the canal, Uic 
cnifty scide which had resumed its horisontal potiiioa was low- 
fs\s\ eotd indaatened, and the ehaiiit hookerl to a full af^ale. 

Btick9ts. — In eotineelion with cableways, es|)ecially for K^md- 

ling f(onc and other material in sewer and general eon.<tniC' 

tjon work, ateel lipping-hueketfl are commonly eniployed ia^tt^^tul 

of (K^alee. Theee are of the fcnn indicated in Fig, 131;. The body 

of the bucket is made of stccL sheet reinforced at the edges; atid 

IbcHwitom is narrower than the top, a? that its longitudinid crom* 

^COtioQiA in the form of a trapezium, with the longest of its parallel 

ifpdea OD top. A heavy steel handJe in the form of au ia\'crled V 
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CAnTii hVxd rock kxcavation, 



b bali<a 



liody *if tlip >kii> in siirh 



ukAOtieT that llic 

anci?<l ihut ihvy on? lop-heavy whpii full arjil Ijotlom-lieavy «t-w^ 
empty, t'cms^quenlly lliey iir^» si'If-iiumpiiig uml w-lf-righling, "^^ 
pri'vom iheir overtarning when Uiiult'iL there la & apriiig-laich >^ 
:h*'- outskic of Llie bQokel, wliitli m opetitti by a xnan when 




bucket hna been brou^Eht up to tlu* jioint of chjmptrjt. Tlic mati 
then tkscciiiifi along the incliitfil si<lc of the ImckH iw in a cliu*'* - 
and ouco libcrat^vl of the Ioai) the buckf*t r^k'r.s AUtomaticitlly &<^<^ 
the IrLleli (■utfiica into |WiH(m ugain. 

The following taUp, taken fruiu the catdlogtl^of n,I„8tiipbi 
gives the (liin<^naionA of tlie various ^^t^^l bucki'tA tiuuiiifarti 
Of tliese, bfiwrver, diily ihiwt' in«rki-il I2.'i, 127, I2SI. 130, nnd \S1 
:liv ijsim.lty r'nipViyoil in r/icftvniijirLH Utr Willing riLalerijkK 

\->o\M Hiis tahU* it IS Rx-n iliHt. with burk-t« of I cu- yti. c^an- 
ily, which siv tliow most cominonly nni)loyeil i» eflnhworktf, thf 
hfnglil nr thi? Inti'ki'1 is iilHinr .HO iiiA.. :nid ivirm'qncnlly the* i^vritf 
taiiist innkii' ^1 gn'^Lt^^r pITiiH in loudiikg il budget than a ^ctJctiiii 
«very shovelful niu^L \>g i-uitk^i ut li^ast over 30 tus. inetcfid of 
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Tadu t'f ^ix^ or TirfivthtvcM.KTv. 
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t ins., ae in the settle. Now^ xinco ihc nork of men U limited 1o a 
■Ttiuii mimly^ of (oot-fMjuJvbt [kt i!n>% thr ymullcr the effort rc- 
-JiTPfi In Tuii^ Uw* inftt*^^! for Inmlmjc the jskips tht' ji^Atcr will be 
it vthcu^Kv of til* work. Fttnn ihus point of view scales j<lioiild 
"^lajn br pn*ferrt<l to the bueki-t* when no other circunstaneea 
"jwirv i(h' rinnkiynwril of tin' liiltcr. Buckri?, however, arc 
^.ire lA^ttiijc i\t\*l *.tn'i\y UunAM !■>' tfie men Ifiun «ca)r£ aad for 
Ufl rra;<<ici thty arc prrferr^tL 

Cnbbisc-books. — U w toft (>xix^nrtive to brejik into sniall 
a^mtiit^ tlir tarjff* Ht<5n«^ il^taeheiJ fnirn the Iwink liy blx^liitg, 
> thai tlh-)- nmy l>e placed ritlier in tinilrs or biirketi*, ll i» more 
inTRniriiL U> nif^ tJieM^ hrge Alonr^ to tlii" sitrfste whhmit W:ik< 
g thfiii, Jind IfiU Is aecotii|ilislw'd l>y nienzi.4 <if prhblang-huoks. 
h#*«t coiL'iiAt of two st^ hm]k^ «f the fomi imlichteil m Fig. 133. 
nch ho<^ is provLInl wiili h ring wi llmt it may slide on h c\mn 
a*le with siiort links. 'Hie c-hairt is allAebed u^ Ow hoisting- 
rpe of a ilN^iek or eiihleviny, and in loueied tit tlif pliier wben^ 
ke Ul^ge *1oni? «taml«, then the lahnrers plaee the hooks one oppo- 
te the rithcr nnij in Mirh ii vny ns to grab the projeetinp parts 
' the etoftf-. The hoij^tiiig*rope \f^ dniWTi up and the ehain pulla 
ifi books logelher, w that they fimily hohl the stone whieh will 
I bnnighl up to the surface mid rentov^d to the rec[uiried place. 
t> detach tti« hoolu, tlic holethig-ropc U lowered uotU they are 
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H(iisttng*cngines lia^'e already been mentioned sev^nl tlm« 
ill the ijretx*(li[ig chapters. Tliese are eonstructed widi Jnujii 
nuimitg in eilher direction, and are called re\'ewible «ipmfs 
They can be operated by a single cylinder or two cylinders, iod 




are then known either as wnglc- or doublo-oyliDder rcvcrable 
engineji. 

The fiingle*druin re\'cniiblc engine, cither with a mnglt- oi 
double cylinder, 15 used in connection with cttblcwaya of tlir Oi&), 
niieckert, and similar ^y^t^tns, and alsti fnr niining jiiirpoaeft, biJl 
very seldom in public worki*. Doiihli?-<1niiii revemhle ^-ngintf 
are very conininidy cmpl"y<*il in enginwrinK wrirkjc lo openly 
derricks and r-ahleways. Three-drum n-verslbli' riif£ines are no* 
constnielefl lo opiTuti* derricks pntvidinl with litdl-wheels i^ 
slewing the ho(irn. Sintr t!ie siiiglp-drum n-vei^ible en^nr. ** 
well a€ th*r one with ibny- ilnim?t^ is, not trormNotij only l^* 
doub!e-<lnun double-cylinder reversible hoisiing-riigine will if 
Ulmlratrd hen^. 

Engines can be op(rate<t either by eteam or by compne^ 
lttr< TlM^y ai« now constructed also 60 aa to be opcraUd bf ^^ 
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wSly- Since their construction is somewhat <itfferenl fr«m Ihe 
-iftliiiaiy ho»ling-«igiDui, it fioouis Jt^irable to giw a dettcriplian 
QC a doiiblfMlniiT] rtv<trv)blu hoicitng-ctigino. 

Dottble-druoi Rcveniblc Engine,— The engine U raouiUetl on 
tcuwron brcl-[>latc which ha--^ two t^tani.brfi^ for lb<^ «up|H>rt of 
ths druni. They cun be either cast together with the frame, or 
Aoeurely lx»lte<l to the fninio. And tlieir nlignmcnt is prcwrved by 
pin*. The cylinder, or eyUnder?, ^mce the great majoriiy of 
'lOiiting-^npncs are provKlcd with two cyJiiiders, are |i:ieut<!d 
Wiaontally a"d wt>" ^^^>^ l<> tli'' rear of the bed-plate- They 
*Pp nuule of cliarcoiil'iron art<l nrc providr^d with ididc-valves of 
*hc D ty|>e. They are lafl^eil wUh wcmd !d |m'\eta eonilenHation, 
*0d tin- rtJYiireii by a licavy fuctid jm^ki't. Tlir giiKton is of the 
ttunl locunioti^'F* Ky\>^f tn ca^t hofhw, lujd !;« fith^t wiMi K[iriiig 
^ttckmj^ringn which are of hard ea^t inni made itp nf diffrrcnt 
^i^c«A and BO arranged as to prevt^iit If/ikiitg- lh<- spring <if The 
ttig iniiurra a tight ^ristori. The valve is of the HtJUKTartl D whitpi?, 
■aving B goo<l liearing surfaec on liie hottoni edg*- lo pwvrni wear 
tlio pbton«TO(i5, valve-rods, midcoiuiectlng-rod.'iare of ^stei^L The 
^nnM*ing-rods are eorrectly proporiiooed in accordance with tlw 
3^Under. They have square ends with straps, and are fiHod with 
^Kiipoeution boXEfl of the beet nietal. 

The cranks are forciwl on(o the shaft by bydraidic pn«injr« 
^ tt^ 8«curely keyed with cmnk-ping exactly at right an^li^K. 
-^0 crank-pin* «re «f »tcel, fort'ed into tlie cranks by hytlraiiUo 
■r^eniie and riv©le<t iuio [ilsiec, Op;Kiflte Uie crank-pins tiicro is 
Xtra DietaJ w o« to eounif?ri)aliince ihe engine when nmninf; at 
'fith speed. The winf!h-heinL< are of cjwt iron jind dt?8igned so lui 
^ give the Ix^V riMulU ii8 to holding, hoiMing. etc. The foot' 
^iftfces niT of the tmtid ty|>e, hned ^I'lth blocks of wood, whieh 
^ fastened to thi-* hfind by incjin^ of !ag-tic-n.*wy. They arc of 
^t> foTTDs. In one tbc iifind is raaile in two pice4's, aiui joined 
y a boll sreured by jam-nuts, by which means the wear i* easily 
^d quickly taken up. In the other fonn the 1>and is in one 
>>.■«€. the ad)ustroenl for wear being attaln^^I by welding a piece 
td iron OB one end d( the band, cutting a thuad in the same, 
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aitil |)n9a'mg it thmtigh a Inmiuon on thi' braki^-shtift dwk^ Sk jut- 
Dut lH<iiL)c u^^l to fthcirteit or U^ngilif'n ihc bud siB rvquiitd Jo. 
brjlli fi^rtiL^ ilii* Ikrukt^liuiid L* Mil c*l<>ju- of the drum-flanfjv l^j 
tnoaiw of !i hi^ attache<] to ihe Axor) IwhI or piard ovier ^s^ 
wliM*!*, Tbo foot-brako w coun!orl>aI:ii]ceil by (i movable i^igb; 
thfy itn- Vfry pow^^rful ami very easy lo 0|>cniUr, as, oiioe 
aff^lii'*!, the actioD of the loud teDtIs 1o lighten iht brako- 
wiU cAfiily bold any load Ihe enfslnes are capable of hoiMin;. 
Uijardd>anrlf are of wrought iron an<l arc fixftl civer th*- jreiir-'V'hE 
ill all eufliiiefl to preveat the lope or any ob^inietiufj fmrn jp-v 
ill the teeth of lh<T gear. 

Flp. VM roprcfientfl a doDble-^yIin<I*^r double frietion^li 
hoifltiikfi-eti^inQ vrithout boiler as built by the lij|:cni'cx>d 





Fio. 134- 

factunng Company, Jt is spfcially miapt^i for ronti 
bndgc-buildcrB, nilrnad pile-drivew, quarries, aad small mij* 
cablcways* II \a not u nmchinc to be run at a ver>" '>itth 
but in phiec* vrhcrc economy in IirI rw»t is n nece»dty ihi? h 
aiL"!Wcrs excellently, ^\'ork» ^ell, and gn-e& entire salbfi 
Tliry arc huiit <if lUlTiient .-"ixft?, as intlicated in the following 
lit tlir liL-^t fi-w ymi's rWlnrily b.-is Imi*ii icilmihior-i! in 
ca.'ii*,* ;us n nRitivr puwrr fur iTiiriirig jnn) public «^J^k^. ami di 
tftngiru-K hiivr Inrn drviMMl hnth fcir hauling iukI hoiifluig puipoa& 
ri|£. KVi ilhisIrah^M nu r-lrriHe lioubWInim rev^nible f^nRia^ 
liuilt liy the l/uli^iTMuoiI M ^icLuf acini tiiK runt|)any of New YcvIl 



i 



irra, ROPES. BITKET*, ESGirCl*. AND ItOHVE POWER. 2W> 



70 
71 

7J 
74 






12 

30 
W 



"ISSSSS/" 



thfTt'li-ffilin ■»/ 









I' 
tl 



llwIlH 



10 
10 
12 
13 






14 
H 
U 

1« 









■r nil 

i|rivii^ 
H>.m- 
EikCi f-r 



19 
30 
24 
24 



2jm 

I2.nnn 



2,000 
3.500 
fl.000 



0i*F<f tol- 


tJftfs 




Lciuab. 


30 


44 


s$ 


47 


8& 


IKZ 


IVT 


02 


107 



ri*lr>l 
lAm. 



4. 400 
fi.52S 

I1.5W> 



ta i;rarnil npfieanmcc anri details itclosely ri?9emb]o» the? onlinnry 
Mui hoL<<t»iK-<»i4^u<^> ^itb the dltT^n-nce that the tvHiulcr^ are 
w|)prrTs*cii- The niolhe powi^r U npi^Iin! ilirocily tii a .-^hnft by 
fTij-»njt of co(c-whHJfl rn^afiiiLf: Uioh? tm {{w motor. T\m ^hafl in 
fU turn cii£a£ca the cog-r^-Jicf^U of the dnima, ihua raiLninic their 

Tlw' nuilor ift of the armoreii typf madt by the Onerai I'3r"P- 
lrirr-»mjKiny»aDdi5strong,!"iinp]€» efficient, and compart, AH llm 
Bin-iiljle [jftTt* are protocteil by auitnhle casings. *o thai tlu-j- im:^ 
**oi \'v.th\<* !o injuiy fioni dust or moisture, which remleni Jl. €■*[«■- 
julupffd W hoi^tirtg pUQwvH**, Tin' gearing from Mu- 




to the intcmieciinte tthttfl i-i cut, and is" <'uolo«*d in iin oil- 
SjjJit gear-eaae. The iinini-j:cnriri|: in r^ijtt %'ery accurately; it is 
inooth and run? wrll- U iff protected by the ordinary guard- 
tand. The coDtrttUer Li of tlie railway tj'pe. and is mounted 00 
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A» to be convenient for the operator. Each eontroUi>r i.* v"^ 
vLdod with a rever^ini^ switch, which can be used al wili. 
Jriction- and brjikHevore arc mounted in a rack with not 
^^uadriLHl and tiro fitted with thumb- 1 Ate hc8. The rmai 
boxes arc of epccial fcnn and are securely pncked on the 
of l>cd-plate, so timt tlit* hoist v^ self-contained and pvrit 
povUtiAc, Thear ckTlrit: hoist ing-niBwhine;* ore designed for 
^th a direct current of 5O0 or 250 volts. The following tabfe 
gives the siaes uf the iiwlor us built by the Lidgcns'oo^l Manufafrj 
turing Com|>a[iy, wid these various siaes apply lo cither Wl 
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The various motive powers used in connection witli tlic mrt 
of t*xcavation arc steam, coniprcaacd olr, and elretricily- A* i 
rule steam ifi gciicr.-illy u;§cd fijr hauling, hoisting, nin! t-vcnv^imi 
purposes; tomprcasL'i air la eniployti! for drivJi^K ih»" iiiJu-biRW 
in the excavation of rock and in hoiMing; while detUteity uaj 
be uhkI fnr rill of l.hr*.' jHir|Kise«, 

In o[x*rihig tremlu^ for th<^ mn>^tniction of roaiU, wheB rwl- 
i!' (^counlf-nil it i:^ griiiTHily cM-iivnU^I hy blasting and l^ 
hok^s for ihr* charge are bon-il by tfiiirhmest, A battery of thfft 
or four ilrillfi Is set ii[i lo do \\n' work and a dcTrick erecl^lte, 
hiadio); l}i(> f^t^iie^^ tolo the nirsi or wii^ohn^ uiu\ in o\x'ttitM In*' 
iloLihltMlruin n?vcmblp etigiiic. The itteaui both lo Ibe drilk «w 
the* viiginc Is *upnli<*d hy u boiler of about 60 H I*, located 
by. Thift will W'ml ihe st<"iini to the work througli an iron 
Jlne flnth T joints, wlicn* eonnwtions arc made for Uh? driUi^ 

When the work is so larjje thai more llinn one bftHeiy of 
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I cmf^ycdr the Acvtiul batlcru? will be Ttidcly N^pfL^atcd. In 
Qch a case (he aicum rail be supplicJ in two <]iiTrrcnt ways: 
iUicT by numerous boitrrs, each oeic of tlicni ku-^tCil ncixr a uork- 
Of-point, or clflc by a single boUer of hv^ cui^aclty. In the 
sniKT cwc it will be nccnwir>" to cnipioy tw i:uiny different 
<Hltn« ulon; tlu? work fu* ih^rr ;m: |)»iiil^ of AtVwk. Tbk« irill 
irolro ]wiL%'y ^xjitiirt^ (}ii iiccount of tlur exU'iiHivc jrlnnt, the 
uiTtlvT of nttr-ii^tiinU Hint ttic U^i1(-n< re<tuire, thr ^jrni rnmber 
I unUT-tvurie-r^ etikfiliiytnl, Hit. Til ibp liith-r cnw if. ^*i!l iit-cfwcU 
Bte n iHtUi-r jtUfil of ve.ry Iiir^i- rn|iTii'ily njitl » T^h-mii-iiiiic liiiif of 
Tnt Ir^iiglli. It is w(*ll kiiijwii Umt filt-^in In toiij^ ptjii'^ eon* 
pfisnc, jind con9i?4U*'nlly tUt'To will b)' a large airiouiU of wblhi^- 
t will liM'ti Ik? more ecuiioii*ioHJ la employ aome more couvejiient 
EuMive power. 

For ihe reason that compresswl air enn be transmitied even 
mkfi without any H'nslble loss of profwiire it car be conveniently 
Med m tbe exeavations of great magnitude And greatly extend* 
ag in leiij^. The plant will be located at some point that 
ml he convenient for handling the coal and water, 'Hie ])Iaiit 
>cnsiAl8 of a eertain number of boilers which proviile steam 
O (irivo the compresMre. The air compreBged is £tor^d in one 
T more reoeivci^, from which tbroufih the pipes it is dl&tributed 

the various workini^-poinls iilong the line> The nuniber and 
Opacity of the boilers ^ well aa that of the eomprcesors, the 
linieiiBion of the receivers and the diameter of Ihc various pipea 

kloQg the tine of work, should be in proportion to the expected 
vork and must be fixed by the engineer. 

Still another motive power to be used in work* of cxcjtvation 

1 eJeetrieity. Since it may be employed for different purposes, 
^ for infltanccp in driving the drills for boring the hole? for tho 
liargc \q ihc excavation of rocks, in driving the engines for hoi»t- 
ng matrriflk, nnd for hjiiihitg llir Imitts Inailf^l witli ihr vxru- 
Utol earlli?, it liiv4 <ierlai»ly grr^al advaiiljigi^H o\'[*r ji.riy other 
}oitve fK^VkTr. Bmidfn it ejin hr proihin-d and IransmittiHl at 

fimmlliT r:c]N'nw' (hiri the nt.liiT poufr?*, iiitil \hh is ihe rc'ir.<«oii 
^ my many engiutno^ conwiiW Heclririly jls "ihe iKJwi-r" for 





any work. There is no doubt that it m the mofit ecHLTldat 
niotivo pow?r for li;iultng cars, and this has bwn pU'arSy *l>moB- 
fitntt^d 013 thu otionnous dcvelopuicnt cf electric routU built ^i 
undfT roiistructtor ull through ttir world, cv«n in yA%cr* vihen 
GT<ifLm rtinds nouhl Imvc Ijceii a great faiUirc. But iUtlH)U0 
tlcclricity is extensively used for minini; purjwsH*!*, Jl hm rol iten 
adoi)ttd yet on public works, nnd ihb is iHThjn» din? more tc 
pwjudiee than to tmy mil goot! rexwon. 

Tlir WTiU-v knows iimny I'xprriirient*' whieli hnw tx»en rewnilj 
itmdt: t<'nding to den ions I rate that eleclriciry i?* the nut^t wo- 
nomtc motive power to be used in work;*. Although thistvibtm 
in the partieular vt\sji'? roii?*iilrni! it rnnnot Ih* dtihieeil itiil 
Buch n BUil<;mi*ri|. nppli**^ lo r\-\*vy vAtsn*. The pnrTirulfir comli- 
t.ioiiH <rf thrt work u.1. hniid u,h w*41 :i>i I.Iurw dt'|H-iidirig iipuu tbt 
lociility lit whieb lltp exiravnluiii i?* iiiml' Hboukl Iw takrii inti> 
ccmsideraLioii- KWtrieily is »rjirisiril(t*'d by means tt( wirrt 
fluiipnrted l>y HJniple poHtn wbieh can bp erecteil hI a gr^-al ill'*' 
tane« from one another, nriil it^a trAiisiiirHsion la very eeoiiominil 
when eompflred with the cost of laying down an iron pipe )«* 
for contpressed air. But electridiy when transmiuod to a 'ii* 
tfinco w i\iA\ifrv*'i{ oi\ ucoourit of th(< re8i^taiLC(<>i eni^nunt^red, flii'^ 
only it purl of thai i>roduced will be nviulable for work. In \m$ 
electrieily it it* neet'saary to Uike into eon^ii Ignition (he <ha^' 
whicli arifice from the pre^nc'* of live win^n, owfK'ritilly wkfi 
working in narrow spaoe8, us in the trciiehew, unil thcr iweitleots 
that may bcffdl Ihr workmen. For thew' reawoii'*, noTwillwUnil- 
iu^; electricity is more economic, comprefleed air vnH Ik- fou:iJ ^ 
the end the moat eonvcmcnt. 

In regard to the eomparison of tbe varioUB motivf powrp> W 
be used ill the work, the Knffinccriit^ A^fWt, in dncribin;: ^'^ 
tion 3 of the New York subway, says: 

llcforc eornpreMed air was adoi>ted n« a motive \MKeT iof 
the fiubway work tlie contractor imule n earcful study jw to Ih*^ 
avitilabtlUy of j^Wmu and electrieity. Although fltp^m ftppoAfC^' 
the mo»t eronomieal it ni-re±?«ilat^^l uiany Lfolated boilers; an^ 
engine.1, with etidle«« dirt Aud eoiifusion, Iw^itEes the disaiivaniaf^ 
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working many unioa engineers. Electricity appeared eco- 
Woica], but there was no assurance of satisfaction in electric 
riUs. An electric-power plant would have proved an expensive 
i^Bt&Uation, and the cost of electric power from local companies 
^ about double the estimated cost of compressed air. 

The adoptiou of compressed air on this section was quickly 
Iciilowed by the installation of similar plants for other sections 
of the subway, and it has proved even more satisfactory and 
ecoQomical than was anticipated. 
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CHATTER XIX. 

A5DUL AXD SliriUMCAL LABOR. 

All i^xeavmlinii w ilnne b> um working in gnngfi, EnC^, 
^Ug 19 in ch»t]p^ of A fDmriftD, &m! ilvey atp all tttnHfr tbp dii 
tion of a AiprnuiiMvWnl, T1)p unit of wcric ut ili^- tlgy'n nxirlc- 
wbiob uRually wn bours for all but miv*l)aalc«, vho work lU^ 
alght-bour (Liy- ^"hen lb<^ work is c;^rieil od contiDooud)', m^ 
mi of niTD iaicc^ftlmfc another at inten^jiU of »ix, ci^t^ or k^> 
hout^T iKr itu^u Art' »iikl io work m shifu. The uuiiiUt of mora 
eoinpcwiiif: ;« i^itiii; nhouUl bo that which will accoiQ|>1Mi tho nuM-t* 
work in a gi^Tn tinii^ un<1er the prerailliw cooditioD«- 

Siapffrinteadent. — Honf^tv, acUvily, and iaicUigieDce 
hint^l wiih a Iaj^ ^ulmudI oI |>nuftica] cxp^tSctioc od puUie 
arr xhv nH^uimncnts oi a good eupcnnloikknt. He must mp'T*' 
VMft llie work and direct ihe variow caii^, w> that it is accona-^ 
J>]i^|^1 acror\1ing to the cnsinrrr's i>lans, vrhicJi he mutft beAbf^^ 
to n^ml at^'vimtely. He imirt kiiow httrr to stake out woric; ho^^ 
to amiii^ M> ili.it thi' vanous ganpi thill huve i^tetidy irork; Iwv^ 
to il<'l*H't nkat4^rial9 that are tiol according 14 qwilicaiions tfd 
liow Ui fnoafflirc Uie wori and cWk the iiiiwfurrnipniA of (h^ 
fti^iit^T, He must havp the nitHligrncr and practiral eipA-* 
fUrt* whlHi will cDidilr tiini in ilrlj^l f-mir ta- itii}inprit*oii on lifc*^ 
part of tlw enpinwT, aiiul K» opiMiw onliTi Khtrh niv ii^iii«l U»*-' 
intrrvtttn of his ompKiyiT, Hv niu*\ iilwi !*■ vt-rKnlilc in <J*'» tf 
diQicuUi^ which c>c<-ur urH'X]N*cl<il1y b iW work. 

FomntD.— Any worViiian ao vrdi n«4]tiaint«d with the 
knirt nml intnrtw-k« c4 M« trmclr that be b not only ab1« tods 
vrovk liinudf but to din*ct oth^r lueii inCelllgiently cui b* fc^^ 
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miCAJi. Pofvmen slioulil riot be appoiiiietL ihroiigli 
UitunJly the c^jip in ne^ly all public work \n {}m 
'ftIO'. ^*^^ ^^^y '**'0^i*»l b*- HelecM-ti fiom niiiurtg the Ijesl, itimi 
»jir, honest, and tici'we workmen. 'Hie duties of iha Tore* 
to carry out the ordi?is of tin- engineer op superintendmit^ 
dispoae of the workmen in v^uch a manner &» lo cbiaiii 
llhora tlw meet efficient work, He must be conaideraie 
men; woldinff and even dif^hargini^ thpra wten ib«y 
ty, tnit not iii^nSiiiifi nor continually veiling at tliem, or 
will obtain ihe oppo^il* effect to Iho one he deairft*. T?ic 
mu^t watch out for drffM?tivc materials, and lay th«m 
ir Uie enpncer or BuperinTcmlcnt lo examine. If h*' can 
of ih& work and tiino he will increase hifl value by 
Uie eetrioea of a timekcirpcr. The principal duty of the 
to look afler tlie inlcrcAls of his employer, and to this 
doarly watch his men to sec that none U ever without 
tlmt ihiit^. is not lo[*l in shifting from one task to anotlwr. 
warn the men of danger, and wat^^h out against the dan- 
nf iKMidt'iit. Til nwk fxravfltion he must be perfwtJy jn-- 
lU-fl with ihilhng-machine^, aiid have a thorough kjiowhilf^i- 
itiu^- lie muAt IneAte tlie position of the holes to be 
and fix their depth nftcr ih'^e have been deternuiif^l 
*nu'ral way by the engineer, lie must, take |>er»onal eharge 
lite and other explosivm; he must make the prepara- 
bisstfi, and, generally, he will t»ke cluirg*.' of llie firing 
tns, ((stablishing ihe dangrr-linrK a*nl setting lluit all per- 
id machinerj" are out of danger from injur}' by thp blaat. 
tflcatlon und Capacity of Workmen. — Excavation is pe!r* 
either by ninmiid Inbur ur hy nuiehiues, <viiisr'|Uenlly 
coqiloyed iti any wf>rk i*an Ix* ^rruupr^l into mechanics 
Mechanics are^ a* a rub, inielligenl and tnlucated 
a good knowloiige of the principles of mechanics and 
»nce aiui tikiU in their tra<le. As engine-ilrivnrK have 
& StaK^ ccrtificjatf* wliioh i* obtainftl only tiftf^r pa«iing 
itnAtion, they n\ay be af«urnpfl to Iw always well m^u^aintcd 
;ir trade. MemtxrrHhifj in the labor unions ie altfo a guai^ 
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aatee thfLt a mechanic jb compeUmt to do tho work for which hi Ab 

Of Intc year*, bccaiiac of the cxlcnaivc an<l iticrea^ini^ \]x d 
drilling-machince in rock excavation, and the ftimpiicity of ihw 
machines, which lIo not ntccKtitatc tpeclaJ mechanical ^klll in their 
hantllinp, contractors have taken to operating ihvui hy intelligent 
laborers. Tlieac get better wag«*s than «riUnar>' lal>or**r*^, lut 
emaller wages than mccbanica, and fornj a midtUe claAa betweco 
the two. The duty of the drillers is to regulate the loweriDg of 
the mjicbiTie, charge the bilfi, juui remove the ilriDs froni odc 
place tt> anotlier recording If* Uie f>rdeni nf tlie foremen. Drillew 
irnist fake gri'iit, <-arp of the niachinc riitruflled lo them, and must 
be a4;tive, steudy, mid palienl in their work, biik* the giicre«« of 
the iMIling dPiMiids u|inn tbeni They must thoroughly under- 
Btan<l the drilliiig-maebhie ami its work, and be iible t-o cliua^ 
tlie defective parts for the new onea. 

All works of excavation, wltethrT of rock or eiirth, when not 
dOTK' by niuchine are done ext■luM^ely by ordlniiry laborer*. In 
this eomilry contraetore and ejiginoers do not (my preat fttlen- 
tion lo tlie work of their laborers, who rt^eelve the itame waf>ce, 
van'ing from $1 to J1.6tf i>cr day. The wril<*r thinks thiw a grvat _ 
mistake, since there we many laborers not worth half of what | 
they get. while there arc others timl deat^rvc more than xwi« 
what they usimlly net, kSUuKlHrd wa^^t^n are poasible with me- 
chanics, espi'cially wlun horn a union, becauM> the aimple fact of 
membership in the union ia a proof of tlieir ability* and so wtov fl 
a contractor engages one of these men, he knows what his ability 
is, and confiequently \^llat he raay exi)ect from him. But whcr*. 
a contractor engages a ftlioveler for instance, at the prcvailinJC 
wages, he does not know what kind of workman he in, and wli*^ 
lie is able to do, The sliovi^ler may l>e a nliong niHn and u%^^ 
wilb e\}jfru?iict% or ]\v may turn out to be a rmn who never Jio 
any similar work before, but took the Bho^Tl as the last resor^ 
against stHTvatinii 

Jk3 a Tide the eheapecl work is obtained from men getting ili*? 
higheBt wages. The author know« of an experiment made t»X 
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Itdion EngiiK^frin^ Corps in Rome, in which the nork of 
be liifTertnt lAhtm^r^ ww »ir.purat<*!y wasted. TIk* iaiwwrs vie^m 
ividecl inio ihu'C ic^tng^. ac^ronling to Lhp frx'ttlhy they came 
roin Afv) tiie wn^^ iHtry wfrv^ ita^d to gettlnf;, these beins lO 
Bote, 50 ceittAr tti»(l SI, n-n|M.-rtivply The work was orderiKi lo 

cDn AA usuid vtitlHiuL i\iv hitMjrers knowing that the efficieae>' 
f their work wiw to bft t<«l4^l Aft**r n couple of vreeks the work 
f the difTerent pui^ft w»* rnosbiunHl, auti it u-ae fotmd IhAt the 
rorkmen paid at $1 per iky ilid more tlnwi twice l)i© work clone 
y thow paid at 50 cent* tind ncurh" three times that done by 
h» kborerii at 40 cevit«. It Viiifi aUo «ccruint^ id this case that 
igbest'pnced luhor ^vt^s the cbeapMt in the cud 

The diet of the UIxiktb hu ft grcAi inlliteiicc? upon the efTr- 
ioncy of their work; a properly fe<l man fnvcF, as a rule, a xrcater 
rnouni of work than n i>oorly fed one. This fa<5t is t)f afjcckl 
aportancc to coi:traetor8 where on account of the location of 
!» worit they must either directly or by contract fumii^h pro- 
tstons to their men. It ia to their intercut to aec that the men 
re proj^erly M. Sometline,H tlw rxwitrftftorB sell their men poor 
iOiU. i>r when good it i.-' wld at vt-rj- high pri<:e:s. In holh crwea 
le lo.'^en* tor- Ihe contrHni^i^n*. In thr rxaniple referred to aliove, 

1 inv^•^tigafiIlg the diet i>f \]w. xnnoxvi a;niigs of laborers it waa 
nnu\ tliAt tlie men who ilid ihr i^rt-jirrr amount of vrork were 
fell fed, having two rjicalfl a day, their iliet conainling of freah 
leftl and bn*ad and wine, ThoH- p*id at .V) c^Jits pot two meals 

*lay, unt' conAtAting pimply of bread anil cheese and the second 
t com-nieal and vegi-Iablei; and»ialt meat iirfiii^h, with a little w^ine 
r none at all. The diet of the lalwreiv nt 40 cents per <lay waA 
ven poorer. 

Lulxtrrra miwl. be skwly tn Ihpir work -, a slow- Imh cjinliniioiM 
peed of work i« fur mort- rflTirieni th»n one U'gau at » high raL« 
rid tilowing dovn ronltmmuHly all through the i\ny. A man 
mnoc work connnnnusly, but needs rvsl, and the beat way i^ to 
Itemate the pcrind>i of hist work with the moments of rett. The 
lore wigularly tho^e nr<* idii^nated iW Rn'-tti-r will.be rhi* endvir- 
of (he Dian and ccnsetjutnily Uie inert vfTicient will ha hia 
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work. An Inlelligmr ('(jiitrjicior should |)rev«nt the yelling niipi 
"hwryHtp" or(k*i> givi^u continuously by ignorant foremen. By 
ihift |)rocetluri.T thuy ifit^nj to ehow Ihrir ittl^kcliTUcnt to ibe vcrk 
and m their ij^ioninoe honestly Iwliovo thai tlwy are looking 
ttftt'-r the interest of tlie oontnictor, wliilc ihry arc obtaining just 
thr oppoait*; refiult. Tlicsc (orciiu^n wliouUi l>c inmicdiatcly di*- 
chiirged> Tliere are alill oontriwrtort*, hovrevur, though happJy 
very few, who Iwliovp [hiii thr only way of aMainine; ctfick*rit 
worlt from the iiicn b by yclliiig and scolding, Mr Ckorge H- 
I'arker, a, civil engineer in chnr^- of tlie workfl at Kcncy Park. 
Hiirtford, Coriiu, state* IhdL wliile the vsork o( hondlii^ 10 or 
12 triL yds. of e^irth is (ionsidere*! a, fttir daj"'e work, hr h^L* obtjiin€*i 
a work of loading 20 or morp f-ii. yifc*. p^T day wiili tKfr sitinw eiTi»rt- 
Hh found that th*^ actual timt^ for haudlirjg lh<? «itncl ixm- uliovd 
vinj^ front fifteen to twenty-five hf^coiidK, fiiid ihi-n lit- ordi-n.'ji i-iv*^^ 
niHii l.o work twenty-live ^condfl anil mt*i Lwenl-y-fivp .■whuih*!* 
alternately through tfie day. To this qnidi work and then ^"^ 
abeohite and unquestioned right to rp8t for an equal tiine t"*^ 
ascribes the huocb« of his system, Mr. Parker alio found th^-* 
his men worked (he quickest in the inorninjC, slower in thft afte*^** 
noon, and still slower at night- In like manner Slonday w^*-* 
the laborer's best day and Saturday his worst day as a rul^^ 
though weather conditions modify this. 

Apart from any humanltnriun or philanthropic idwi, labon-r'-^ 
are considered by enp;ineer8 and contractors simply as hvii">^^ 
working-nincliincB ; they arc hired tuid pnid for their work, n»' 
consequently it is ncccHeitry to know the aniouDt of lA'ork to 
expected from them. 

In the EngHnh-?ix^alting w^>rld work in mcitiuix^d by the foo 
pounds which is thccfiort requiri^d to roi^ 1 lb- in weight to 1 ft- 
in height* In Europe iind €\Trywhcrc vhc where the tnetri 
syst^^m hft5 been adopted, tlu; unit of mciL'iijr^ of work Lh th 
kilogr ammeter, or the rffurt rr<iuinxi to rawe llw' weight of I ki 
gram to the height of 1 mctftr. A kilogruTumeler is equal to 7-2^ 
ft.-UjH, A man cjuj exert in a day only a certain amount «f rfTdrt 
and no more; tlLiui \i\b daily v^ork can be valued by the foot-|jouiids^ 
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lio caii lift in a Any. Tliiji luirnTitT liiw l»o(*n variously i-ittiinateil 
by (iifferertt iinTTioi^, TlntikirM' myn tlmt tlif tUily cfTdTt cxrrtwl 
W the ifitiM^uUf >t» ngtli uf n mim "w Oir |imilin:i of thriH' iiuuu- 
titiffl — ttie uwftil mtiifUux^, ihr v<4iK*ily wil.h wliicli itml. n-jii^t- 
onoe ts mT*n^'Uiii% util tlir nitiiili-r tif eiiiiLh nf Linir |ht ilriy ihirinfj; 

flpTtain spt of rnilufJt (if th^* llin*t* ciiiajilitu'x whirii niiLkr^ ihi^'ir 
product a rTia?ciiiiiir». urn! il w Thcn-forr* ihc !H*T*t for ^onoitiy of 
power; inntl uiiy rl(rf)ur!un' from ihut lurt of vulue^ LlimtnlMhos i\nt 

Ttie foUowitijc tab]«> of the o^rcu of thi> jcli^nftth of mvn con- 
f>lo\VH! in vjirloki* wnys wa^ conipilwl by Rankin^ from the works 
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CoUKohn in Vis " Kapincorw' I Iair(i^>of}k '* pive* tlic following <IbUi : 
^ TIm" HViTiiKt' rt»*rk |H"r ;«-c(miL wiiikiii;; aW ihiy Ivug, L'aii Iw rtwiiiiK'd 
:iHwi*r*ii C nnil 1> kilogriULinieti'n', tieing eiiuaJ lo oiie-lwrlflh or 
rim -M^i fill III of !i \nyT>v\u)weT. WrHuigalk-nuiti'ly with ptUhUoT 
heani low i-ffort ^.ari h^ rmusiiiori'd iw vuryiiii^ iM^Tweon IS niu\ 24 
kUograjiuneters. Working t-oiiiinuiiustly uu n cniuk wiili » rplocily 
rjf -Tfr or .9 miMor per wcond hie efTort can U' ajsunuyl an Iwlw^vn 
.tfid 10 kilogramtueter^, whUe working for a short tlnit* only 
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followed by loitg stretchn of rest he nmy exert elTojifl 
2A or liO kilogTAnimeters |>f*r «ecoD{]. 

" The iimxifiiuin efTorU ttuit a man catl pxftI in pulltiig or p\3sh- 
ing for a short tinie only t& betn-een 50 and 60 kiTfignnmieters. H« 
can lift a woight of 200 or 300 kgiiiK.aml rarr^'on hU tihouldpr- x 
weight of 150 or 200 kgtnv;. A 111:111 cilji waJk nith a vdocily *J 
1-25- L40 inol<*r« iK^rnecijnd; in walking fiu;t he CSD cover a dfr 
tancv varying from 1.50 tf> 1.70 mt'tcrx |x»r 3:«>ci>ndp »nd he can run 
from 2-20 to 7 meters |mt wcoud." 

The miisoular strength of aninuls i^ iitilif<>d in difTerent vip 
in public vrork*; the prlnnpol onw Ix^ijig in cMiying niatcTiai^ai 
tb*'ir hjicks, m in rnoimtnin rogion*. or in rnilling ihcm m ain* 
jiiid wa^ns, Tlir iiniiTiiJs grnprally luunj jlti* mull's :itnl horw< 
Mulcf? arc tougticr fuid will eiulurr mcjrr hani work ilvui [ior>>^. 
the foniji^r tirtr \vry ii^f\j1 "m mouiiliihi ^^oH:, but hnrb*T* an- 
rfion< iH>ii]moii1y ^niployt'ii lor Imiiliii^ c>art.?L arid WAjp>nfi. 

Miih^s, wIk'ii tmiiEtjjort'Lng infit<<rifd,-( on their back, can ca^^^i 
corry weights varying fniiu 2'W to -lOlt Ib«., and Imvd Ions dtf- J 
tances; for nhorl trip* they will umkiIIv carry frcari 300 to SOO'H 
liH. on hori^oEilM nmdrt. They iiiovr with a velocity whicli f^i 
i>r n.v*unicd ftt 3 milr:* jirr hour on firdinary roAila, hwt goinj 
inrliiir ihry ilu iiol lrav[d nmrf tlmn 2J mili^ piT lioitr, 
Icilftl ili.'^Uuicr tnivrU'il in a lUy ran W <on:*idiTi*d at 20 itiilw*. 

niir>H\<t hlt.rhr<d I41 till- carU ami wiigoiiM, a4?t?(intitif; to tlif* c 
dil.icHi ijf ihc nmd, may rarry lomlw vnrylnK fnmi 120() In 250(1 lln*. 
Irtwiili-M (hi- wcikIiL of tfiH vehirlt, nic nvrrage wfighl of a rart 
can Ix' HJisiimed at 1300 lint, and nii^-e in doiilding tht- rnjml 
of horwii thefp it ia not necessary to increase Uie weight of 
cartr the greater will lie the qoriiitily of the huil«d inat^viab, aiuI 
this U the rrasi>n why, in onler to l>etter utUil^ the atrvcglh d 
animals, they are worked in teams, aJid why cars aro coiistnicl 
for two. three, anil four horses. Tu-o horses can easily haul 
lbs., three horses 4500 ]b&.^ and four hors^ tf200 \b». Btfii 
it IS more convenient to have tlie horses ivotk m teams tlian 
on aociiiinl of the wages of the driver. On carls hfiuled by on 
one hoTBG, which has also to dritg the total weight of the oaitr 
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^»en of the flriver must be pai'L cnttirly b)' the smah quanUty 
o( matf^rUl haulwl: while, if working bi toams, the lolal work of 
the »ccon*i hor*c wilJ be utiliEcci exclusively for bauling nmU-rvi], 
fttid only Iiailf the wage of the driver niual be paid by the work of 
caeh horve. 

The following table, given hy Ganpnrij], clearly indicated Uie 
ffficieney of the work of horw*^ working ;J*wie ninl In trains: 
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Troxn this it ifl seen ihat it is economy U^ incrrwic tlie number of 
the honvs up to a eertain limit, which i* four, lieyond tUifl num- 
ber the efficiency of ihc work of each horse greatly ilccreasea. 

In this book, for caJeuIattng the coet of liauling materialA 
vhCD animals were employed aa motive power, the price of hiring 
teams waa usually taken into conaitieralion. But if a more accu- 
rater aiulyfus should be required, tbi- co^ could be easily found 
by considering the following Hemj^; InU-nv^l on the capital inventwi 
in acquiring the hor«es, dnily cost of maintei;Lnnce, Ineluding llic 
foodp stable, stAblenmn, itisuriiiKT, nijiiinnr, j*[Hif->, Hc^ iitiii nnk- 
bg fund. Thp tolnl anuiunt divided hy tlir numW of working 
daj^B in a year will ^v*- thrr rorrr^ci. riwt of Hip daily work of a 

Tlie work rif licjrww hjw Ih'cfi v»rirniAly t'j<li}n)i]E<il hy diffrn»nt 
ftuihor*. RjiTjkhie d»'di»ciw th'' ^'fliH^^Mry *jf ih^'ir wnrk by tiiktng 
Olio eonsidenil Kin ihr wmm' iliny- HemonU 1h' cTr^jilnys iov calcu- 
lating thr niujEi-iiliir >itn.iigl}i of nwn, vii., tlu' rtiaiiciance, tlie 
vciloeity, :uid ihc tirue, aiid he consiJora tho work on the t>roduct 
\g6b Uxwi^ iiJiirititiew: 
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Colombo in his lmri(l}>*>[»k fi>r i'ii^irM'<*r* givf*s the followi! 
datiiT ''A horw working all day vnn drug a weight vjin-ing belwe^'ii 
40 aiKl 60 kgm*. per woyml, corn^sjioiKliiig lo 40 or 50 kili^ 
grjimmcr^T*:, €qinvfil''n1 la \ or <j of :i hi>riw-|«>w^r. For a ehorl 
timi^ he- caa draft a weight of 250 to 400 kgnie. per t^ecoiKl, Thp 
€\X'^d of the horse in runiiit^ is U nictrre per eccond, fiiillopin^ 
10 motors, trctting from 4.4 to 3.vf, wnlkiiig Toat about 2 mct^i^ 
mid in or£linrtr>' walkinc froTii Oh^O lo 1 nictcrr. On p;oocl liwixflTita] 
roaiis a horse nwiy dnitf Iw^r^uics tht' vehicle a load of 3,iO to SOd 
kgiiw, when trotting, ftnd bt^twocn 1000 and 1500 kgiim. when 
walking/' 

A wlinlor book coidd be writteti concernijig ihe manner c* 
working the vaibus rnuclijitca nlrcAdy dcitcribcd. The gvnenl 
chftractcriKlicj* <»f spvpral of ihp iiritiriivil mrrhani**fil applinnrtf 
UAeil in ihi' rxnivuEiim nf enrlh miil niek, ri^ wrll njs for lmn»|wrU- 
tion purixRy-N, have br-eii glvrn hi tlu* pnTriling elmptcm; a little 
EVp^rr- will Irt* (WifU'il hen- U) th(^ rmu^him*^ lut i*iin-<id(»rei:l fromft 
gi'rii'r;il |h»mi(. nf v'k-w- 

I;i tlw s<4tn!iiofi uf any macliine it is ihp duty of thp cDghi^ 
to rttrt>fully <*xaniinp ihe various eondiiioai of tho work, anil to 
det'Ul'* whlfU of iJie various irirtpiiint-^ will be tlit iitcwt rflick'nt 
hi the particular cnse he has to deal with. To faeUitMie juicha^ 
seleeiion, in the deecription of the various kinds of niaeliiiws j^ 
vlr-wt'd ill th*' preec^iing [.'haptere. h has been indieat«^ in wM* 
cireiunstance the work of eaeh machine 'Kill be ihe mcwt oflidpnl' 
Once the engineer hiw selected I lie type of machine motrt eonfe* 
nient for hie ciwe, he t^hould get the eat&loguee of the varoi^ 
manufaeturc^H. ihii^ |>rovidirg him^-lf with a full de**<'ri[aion 
the different macluues of Iho eanic type that are ioxtinl on 
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. mari^'L Riiice alt \)wee n^^cVm^ ah » rul^, ar« v^ry M^ndar in 

Uieir jiriricijial portA, althott^h they grealK diflij u\ llir- i)fUit1.-s 

ui'l HJnrv evHry nmiiufai^turcr will rcjirt'M'nt Iilh niiirhnie an (lie 

L Uvl ufid lua^l efficieni of ilII, it will bt- ilenii'able for lUt^ f^itf^ni^r 

lift ofitain from ihe maxnitnrtuTVTs a list of plaow wh*TP Ihwr 

I HUtrhinai an? at wort By viHtin^ lliew pbren (lie enj^inwr 

F can personally HJ!ic«»rl»in tram (hr luni in rharge (»f ih? niachinea 

thrir ailvHntTigivft und ilrfrrU, Ki'cpiiig n.'t'nnl of iW c'Hiciencj' 

of ihp wnrk of r^Try ni»cUiiic, mwi thi* »it;itCTru^nt t>f the various 

^" i'lf I 'Ts in rhairgt* f)f thr Tiiiwhrnt"?', it will be vrry eaey lo sf»iect 

' I ' ^t m:irhim- by a wmple onin]>iiri?joik- 

Afl a nik the moat deaireble niaehinea are thot^ solidly built 

ainl |»rovi.lrtl with the amaltesi |>o*tsiljU> numbtr of \mn^ sll infi^r- 

rhanjp-aljle, and those which uill porfonn the work at tJie lo\vt>*i 

(i^tt. Thp |]rieo should not hai.^ influence on iho seLeclion of a 

'^ladbinc, Iwcauae in inany insiancfs a very exi)ensive maohinf 

^ mat always the beet, and a ver\' choajj machine is usually found 

*** Ihe «i(l lo be llie mosl expeusivo. 

Tqpctlicr with the c)e«rri|itit>n of the \'ftrious m;ichin<^, thore 
***L» Wen (fivrii iHsiy thu conl <if fJic unit of vi»hiint.r of thtr work 
l*<^TforniML This, howrvcr. ranrtuL Iw taken ns the renl coat, 
"*>tBUM! it wa« bawd cxtltwively on the working expenses of the 
'^^i-nchinc. There Jire other general item* to be coTJfli*lereil which 
^<^»jd gn."atly to jjlrr lla^ n^^t i»f ihe unit of viiUnHr iff th<r wurk. 
T^lu^p jtre the i»tj'n.\'»t ori iW mpilal iiivr.Mnf in lln* machine, the 
F^r^'hftfrility of tictTttinnous work, the neer*«iry rf-pairitig n?<iriirEflj 
^*i keep t.hr iiiiir-)uTu> in ^imhI wurkiitg urdr-r, iiiul, fin.-dly, ihe 
^■iiklng-fiind. 

Thp ltil*'r«ii <if lUe [^apilal inveHted in tlie eonlraetor** jilanl 
^ * negiiKiMe ipinnnty wIit'Ii the |ilant miitiNts only of band- 
t-Kiclii, but it nnwuiiet gn^ni iini>ortsinee wlu-n It eoDt»ina «iweral 
W^ inAchines. If ihe capital invested in purchasing niaehineft 
"*l hvfrti invested in any othor comrnercial inveslment, It would 
^y^ wrtainly given in return an interest of 5 or 6 per cent. 
1^ amium. By purehasing the machine the contractor docs 
^t gf^x any more this return from )m nioriey^ and he must obtain 




il from the work of the maehinf , Con^e<|uentty, licforr ralrul^| 
ing Iho ncl pivlitJt of any operation, amoiiKsl llwt ydiily <^xf>fnflM 
of luiy riscliin© whouM bo cooBKlercJ fir^t tbc ijilcrtrf^t of ite J 
invcAlrd oa|>Ual at the comim-rcial ratio. I 

In buymp a maohinG it ia neceeaary to oonsidcr ako th^ prvt* 1 
ability lliat the oontractor has of f^ltinj; conUnnoua worL b 1 
fact, if a machine is bought for a angle work, notvitii^iUuidins il^ I 
ruoning expcnew are a> low aa to pcrfom the work at a ahoU I 
coat, this IB not really ihccaac because of tlicotbercxpcDMatobi^ I 
ciiargcd to thU work jvJnnc, aiid which lend to greatly inorjfo 
the coet of tlio unit of volume of tbc ivork. There ia no doubt 
that ma(^ljim'f* trtui lo Ic^uwii the <H>*t ol ^"ork, but to do eo they 
mu«t work aA f'OiLtinuoupJy aa poTvtiblo. Suppose that the yeariv 
fxiieroHCA of a iiiachme, iucludbg inU^r^'^t, einkin^-fund, etc,, »itt 
amount lo $700; if thi* machiiK* b working 200 days per yeai it 
will lie nereflflary to a<Ul S2.50 to lU daily ^xpcnN?*; while if it 
work* only 50 ^lays in a year tho daily rx(]eiu<i^ must be inmpaff-cl 
by 514. t'oniidcring the rjipacity of the ma^hinf' nl 500 ai. yd^- 
lH?r liay in the former case the cost of the work *indd Im- incrraard 
by only J cent per mi. yd,; while in theaecomi aae Ll»- et«t vnMlcJ 
be iiitrea-Hed by nearly ,1 cent^ per cu. yd. 

AiiotliiT im[X}rtajil item to \te coiisidereil in inat'liinps h tH^ 
weurififi and repairing. Machines, no ruitter how i«lrong ih^y 
are buih^ will uiidprgn we«r, rftj^ei'ially on Uie parts which nr^ 
most nuhj^'i'lffl lo Middi^n sJnihi'i- T« krep Ihese machiiKs in 
gttoil wiirkiiig DrdiT it is tiecKv^iry tti repair ihem eontiniiiiudv. 
It will then be nrt'f**«ay to S[»eiul every yrar u certain im^ount af 
money in i>nk»r In krr-p thu inmhini' in f^oocl condition. Such 
an amount varies with Uie inzreJime, the (juidity of the soil liandlt^l* 
and other drcum.^tanees. T)ie sum wMeh U ueualty laiil ml<* 
e\'erj" yejir for repairing varies between on^-iliin) and one-fiflt* 
of th(^ tot'J cost of the machine, and such a »mn fdiould \x a***" 
tractt'il from the profits of the operation lo obtnin the net profit. 

Another importfuil item in connection v-iih the ealculaticn oJ 

the co^ of the unit of volume of tlw wurk perfonuevi liy i4feH 

machine is tiie 8ijikii)g-fun<l, Any inaebtoii. nn twithji*^^^W 



iQOijb^^^^l 



i\ IP W-pt in (pxhI onter, wUl liwl "iily fwr n ccri^iin TUmil^r of 
^«tf9, am) UiiTJi tlK- n^mtriiij: Ibat m\\ in- tt^iuinNt 1o k^i-p ihc 
Tbwhitir in tt'nrkinc orJrr wll *>c ro great thai it will be more 
vtom^ticjJ \o buy » nrw niAchino thun to rm^w all the various 
Hit« n( Uic nlil on**, Thr mf^ncy ffir the ACt^ui^Uion of a new 
|Ht^itii? ^Iiotjld Iw' ol)4jutu-<l frr>m thr work of the formt-r niadiiiie. 
lubft, if n nmrriii^inr jHirktit** evrry yrttr tlic profit** got from thn 
I »ak, vkiihout laying iwt[]r an miu-nnt of nioiK^y ^*i]Hi, wilh it^ 

Veimiubtti-il mu-rmU, nSlrv »b iriMTiy yimnt will givr thf* i»ri£priHl 
I aouiuiil iif till- ru-tl iif flkt* iittu-luiK- witli wtiWi In Ixiy h nrw oner 
I wfcm tlic old Ih p>fJ^, he wiU h1!*», tnjip-tbjT with ihr wn-c«lW 

tSnlnnl*, [M>oki-t jiKfi of ihe mpiluh Tht* siriLing-fuml i* thai 
^Mii wKiHi il i* rjrt^-HHMn- to lny a.Hiflt* i*vi'ry yi-Jir, w> lh*il aftiT « 
^ptvQ number of yoara ih#^ sums, lof^ether with ili^ir ftceumulHiH 
"TwW, rill gire tlie reijulred amount required to buy a iit*w 

lAvhioe. 

Tl» writer haj? fiffj»n nolit^i'il that thr vinking-fuiui ig an itpm 
''wK' fonpktt^n m tbL* founrry. A fi'w yi'ary !ig« our nf thf- gn^al 
r^JboaJ ejetMtiK of tUc- rouiilry, ivhos& ^harc^ Vi-r-n^ cjUOto^.L nbove 
|«r on amount of th^ big divulnni pai^l for soma vqat^ in succo*- 
*^rni, all at oncv went mlo the hjiruls of the rfcvivpr, iu>d the V3k\u& 
^ tlK> ^haix^ fell itf'ar to tiotlnii^. Thr^ rT':Lxi>n u( ifuch a ^luhU^n 
rtiui^ u'a» th;il lliv^ olil i^Iiuihistmtloik n^'vcr thought uf tho 
^'^iiK-funJ, whbh ^11^, iuAit^ru^, iliMiribiiU'il to vhc shan^hol'IcR^ 
w diviikiulrt. The cojiw^pn^iioc wiw thut lh<> ruUingntock wttfl 
"^^i anil iicnlc<l to tx? i\'iiowL*ih JU^^l '«< i>^ iiiont-y for eiich u [juqjijsu 
M l»tc[i liiiJ a^ifie iti the pn>\ioufl yearti, in order to pro^-itlo it, 
^ *ii3 found iieccflHnr>' to rrorEaniEr? tln> company and borrow 
'WwH-y. \ow, if cvt'ii the big luiiroa^l corporations wnictirnee 
^^*rlo.)k puch an important itcm^ it may easily be forgotten by 
'^Iructora, 

E'Aietimve inachinea. not^'ithsianding they are continuously 
'^^Tairpd, uill not last longer than twenty veal's, and coif^qucnlly 
n » ut^co^^iTy to lay a*ide txcry year a crrlaiii sum which, togetiwr 
■^Ih its ciwapovrnd interr^t nt ihc end of twenty year*, will ^vo 
'^ oh^oal cost of the inuichine. so oa to hjivc ^t kind i\k sum t'i 
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buy a new machine^ thus perpetuating the capital; othervie 
of its (»ipital will have been destroyed. The age of a m 
varies between ten and twenty years; tools last only a few n 
The sum which it is necessary to lay aMde every ye^ 
culated by means of the formula 

r 



0-5: 



1' 



in which r is the annual interest of a dollar, S the total arm 
the sum required after so many years, and n the number of 

The various values of p. — \^ ~ ^^ ^^^ ^^ different years &b 
of interest are given in the following table: 



Nudibw at 


11-4 Per 


B-6Pflr 


fl-i6PK- 


Ywi. 


CwiL 


CvdL 


Cnt. 


1 


1 000 


1.000 


1,000 


2 


0.4902 


0.4S7S 


0.4S54 


3 


0.3203 


0.3172 


0.3141 


4 


0,2355 


0-2320 


0.22S6 


5 


0.1846 


O.ISIO 


0-1774 


S 


0.150S 


0.1470 


0.1454 


7 


0.t2«6 


0.1228 


0.1191 


S 


0.1085 


0.1047 


0,1010 


9 


0.0945 


o.ogog 


0,0870 


10 


oo-tas 


0.796 


0.0759 


12 


0.0665 


0.062S 


0.0593 


15 


0.O199 


0463 


0.0430 


20 


0.0336 


0.0302 


0.0272 


•25 


0.0-240 


0.0209 


0.0182 
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THE DinEcrnos of excavatiom work. 



it ftD ^asy matter to trorrectly direct a work of oscflva- 
; & r\ili> l\ii3 u\<Ml mccd^f^rul contractor i& he who ban^lles 
lb in tJw nio«t ^onomicat way. No gmorai mics can 
«■ orfduiiEinp; a work of cxcavjition, n-cn' onp prceent^ 
lMa|teri«ttc lUfTcroncoft wliich only the kcincet obaer- 
^^^B, aiui from iIk^hi mifuif^t ritnui:' u> overcome 
IticM Id the fiiinplcKt aii(] oruticv^ TinLniirr- To ^v^, 
tt\ kIca of how l.hff- work ^houlil h- »iirt-<*U'*l. scvcnU 
be conp^dcrwi hfro. which vary witii the cxU-nl and 
of the work, and al^ ^^ith the rnaniior of cxc-iivating 
was of tran«|wrtalion mloploil. For the- sikr of clawi- 
ew caflefl will t^e revii^woil hciv. in IW fulltn^ing ordrr: 




Cat done by sdon-s- 



TniDvporiatton 

pen pen,. 



by 



rut drto* by N«w Er* I Tmnftponftlton by 



^mdt-r. 



Cui ik^^o by hm:id. 



Citt doTl^ b> 
roachiiic- 



nlirvllmrrcius. 

TriinnpnriJitltJi by 
indufltrml nuf' 






i Vp-digff^r, 



bM-^molii'ph 



L€Avatioa of earth extciulinf over «i Inrgc area of 
h CM bu comTrLkcn1I>' pc^xfonncd by means of a plow 




SS7 




2S8 S^RTK AKD ROCC KlCCAVATIOK- 

and ihr ni«t4'ml4 mnoved by wrupcrs, which cao be ritltfTof 
tlio ilrng or wheel t>iK». 'ITu' ftvcrtip- nx>ri of A plow in bravy 
0oil ciiri U- fLaAunii^i) ut *J6i) cii. y<U., while in Uz^d ^t\ >t ran 
remove oa mi avrjn^ 500 cil. viIa. In Jlr^rtiii;: the work nop- 
cut^l by nieana cf acrapen it i» of p:rr*at mipc^rttiiirr to knoir (I) 
(he ntiin[x*r oE Sfrapeni to be omplu)-!^!! jier rjtch |>tow; &iid 
thf manner in which the work ehoultl bo an-angnl. 

In regard to (ho number of scrapers to be rnpioyftti, 
\ariepi with the rjiiiility and capacity of the scrapers auitl ihe. A^- 
lAQce to which the m^t^rials niuM be haiiled^ Drag^crapers arr 
very convenient for whort hmih^ Tt Iww l)ern jiron that thfv nut 
haul fiimi 74 to 11 cu, yd?*, jut day. wn^ordiug to the dwtam 
varying froni 100 Ui OfXl ft. In liejivy Mitl a i*ingW plow nill gii 
wnrlc In 3./i ilr;ig-Arra;iF'n< h/iuUiiit the nmli'iialH tO 100 ft^ tliHljutrcV 
if will rr'i|utn' 7 dnj^-PiTHpr'n* U) hniil lln' wui^r ijitruiltty !►! inritdM 
rinl I'l "ifXl fl.,, luitl 2 ilriig-M"raj)frH ?4n)nl(i be mIlIoiI fur i-nrh U«) f^^ 
in U-n|(Oi ovr-r 200 fl. lUmTance. When tli^ iiisu-fial U wty Ihoi^^' 
3W1 Umt tlie iivi*nige fjLiani.ity of earth reinDYwl by tlu* plow in 
day isi iibont 500 ni, y-is., each plow will pv<> work to a numl 
of <lriif;-i*or!i|K'rs double that indieated above for the hi'avy wil 
and eonaoqiiently for (tifitan<?e§ greater than 200 ft. orw scnipe^' 
nhntikl t>e adiled for each 2o ft. in leiigih of iht! haul. 

Wlii-c'1e<l Bcrapers are far more econonkical for Icaxf^ haul$ thao^ 
<lnm-sorft|?erp. Tliey are of dlfferenl ca|xiciiy, varyiofC from U to ^ 
11 cu, it., nnd *ince the work of tli*^ plow will remain the iAXM, « 
the number of iIk^ wliwl^ scTap<*n- rerjuired lo remove thi* cvifUi ■• 
loosened by tho plow will be i^inatkT. Thig iiumljor, hon'vver. « 
will viiry will: llir civ[>iit'Uy of the mTrt^jcr Thus vt.5 whulod ^ 
ecrfl|>crB of fl. ea]iacily will Im' n^4)uin\l to llifcul to 200 IL dm- - 
tance tlie rartli ri'iaoved by a plow in a <layV work; 6.5 to 3fJ0 fu;i 
7.0 for 400 fl. diAtame, and, in K<^ni>r(d, 2 !«cmpi*rs morc for everr^ 
100 ft. iji tulditional ten^th, \ lar^f^r niimbrr of vrhccled ecr^wr^ 
will TxT retimlvd for removing the eiirlb where it Is nndy amEs* 
liglit, tviut a£ a rule in such a vtisc a nunil>rr of tfcmpcis doiibt»Ji 
the one re<niired for heavy soil will Iv rt-ipiin^r Wheii v' 
acratpera of large ct^^ocity are eraployi*<i tb»* number of km, -"^ 







THE Dmecnos of kxcavaticw wouk. 



2«9 



will U- 2,5 fi^ 2tM) ft diFitttiirn 3-.i fur .S(Hl ft,, r> Tor -im h., nml I 
mijrr iic7B(irT for every 100 ft. iiicrfHwcl ilistmicy? nf luiitl, nnd 
tk»util<r ihw aumlM*r for tuuidv aw] DkIi^ hhI--*. 

!ii ivj^nrd to tlie rcianner of *trnuigirig IW worli, it is nece**ary 
lo observe Ihal Ihe srr»pers should travel coiitmuou^ty, and 
miL?uvjuojit[v the\* must travel in rirctes or nt least alon^; two 
(dtnLUcl HMub witb a loop at each end. Scrai)eTs in earthwork 
oxcnvallons eao be enipLo^'ed in builiJing up enibankmenti from 
cuts or lK>iToir-pit^ in levehng tiie ground for reaen'odrs or Urge 
eU or sites for riM-t^me*:, or in thv trArispcjrtnlion of 
Ihfi point of excavsition to the point of loading into 
mott iKWoriul anU economical vehiclea. 

i-ipf. rw ejearly indicatei- the manner of buiU^mg enibanlc- 
XDcntd for ucw roads> when the earth i^ taken from do&;B; the ei-icd 




the rofltl Tte enihanknwnt i.^ buiH uj> in laynrs 18 ina, (l*>ep 
*^oh^ and Ihey succeed eaeh oiber in auch a ^vay as not to inlej- 
'•^rt* with one another, The work proceeds on both Aides of the 
»xi« of const ruction At Iho mine tiine^ and foUmvs the onler imii- 
ottoil in thp tiiciire. At first a batten- compofird of sovend scrapers 
worii In wcltDu l,buiiiliric up half of the ernbanktncnt, with tbo 
rfcipe rt-ochtnjc the Uitenil lemiinal q[ the projuc-ttKl Toa<l; 10 fl, or 
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AAother gang uiirkn oo the oUier ade of the txb */ 
te w m > uK io n , AA imlicmLnl at 2 in the figure. A ifaird guf 
ll«« 4nliv«9 at 3, at a itbtaiio- Dot kras than 10 ft. zvr%y from :) 
«Hil M ft, frmn I, ^d tnitliU anolh^ layn- abov« the one thii 
te Wm fw^vioujily |ilao«^. The Toliowing gangr i» UiiUs tltf 
<«h^ funion of the emlnnknMMii on thu oth«T side of the asf 
«f lifMl«uUoiL In this nmniwT the cmbaiiknieat 10 bu9t fori 
«( W Iiul; but if it M reqi&nxl to be stiU higher^ otbir 
iiwi W oiik|>]o>'<Hl in flueoetdoti to tho«c mflitionod. 
<[W vmrtli i« taken from alonfc the hoes m, n, and op at th; 
tA^t Mfpl fifffit of tlu; milxuiltHKnt U> be coniftnictcd, &sd i^t? 
twwktfv c<ui \>r wv<^ a^ dnuiut for the rood, llic coith un le 
'w«AAXTitl by one plou- cr naorr, nocordiag to like tcngth of \ho 
ImJL, mu1» coni*c<iu(<nlly» to the number of scrapers to be vscii* 
ini^*niiKm truvd in the dircctioQ indicated by the attovs. ^ 
^HJIm hill opixiinlv tanMfSpavsni can be used in c^c&ralvig ft* 
^iM^ III whu'h th(- materiilo atv to be dcpovulrtl on each ^iiltfoT 
J^f vHt, lu*' ff'r ici'^Muici', in the ctJiuitnicLion of cAiiahf fur lirai^iai? 

{^^b|>r<hi t'nti lie um-iI nbvi fur rrtjuuvitig rtL-Urnsd^t iti IrrrJin^ 
^ IIm* proniul for tlxf- ('(Jixt*lfwliun tif ■*!or:ifp'-rw«'rvijir* vr n>l" 
^^d VHE1I- In E.1ii^< easf'.^ tht* wurk i^ din-cml in vanou^ WBy, 
vlMn^lhtiriK ^il><>n the nnulilloim of ibc* Widity. Tlif- land lobe 
IvtVvl^til niny erjntidn many isolaKnl knoUs \^-hich hnvp to be c^ 
\\fi^\AU mi'l 'hi' imitvrinls usod f^jr fiHinR; or it may he on a &^^ 
hill, ninl all llu- MiiUuriitlft from ih^ L'ut emploreil in the fill, lo 
|bi< h'fPn'T ^**<' ''^'^ work rany be ELtrani^l in the way intlicnt^?* 
fc» j'lU 137, At eneh one of the knolle a plow nmy loo^n tl^ 
^urfli iind K'vr work to «iTai>ers, which will uavel radt:dty, doni ^ 
ttitf III** *''irlli flJl ftrouml where the tilling i« rrK|titr«x). TIut di ^ 
irmii ilivt^n in l-'ig. 137 nho^-s an ideal solution of tbo case, hul ^ 
j|^it« II tnir idra of ihc work of ecrapcre whcr^ the nintorinl fn^ ''^ 
litki'llH MUiKi ix' dr^jMwit^d nil around, The inrowtt nlonfi the cvlg 
III tint knnll ivfm'afint the <- oiiiw of the plow, 

hi ihr cori^irurtiiin of hir^f yard*^ in side-hill work llic «u ^' 
Mill 1"^ n-rnirtvd in tlw ajjmui'i- indicated in Fig. l^fci; Tlie pkp^**"' 
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trvnchtnfc lack Ami forth ukn\^ tiie ecijce of iht* cui, removKM the 
^Ih, wlitch In uke.n L]|t t>y flii- A('rA|H^n< Ami duiitEH-d wtiM^ iht^ 
filinjt !'■* n-*njiml- Th<- nuitil>rr ui pluW's to Im einiJuj^fil ilriKTuh 
tipau that 4>f tlw 8cia|>era that havif to be Aerve<l, ai^il lh& uuiuber 






scrapers, as has Ex-cn rrmorkoit above, df-penda upon their 
'■*^t>aicity And the ditflJincr of the Imul. 

Scni|.>rT» run bfr convrmi.*ritly cuiployc] in Imhsfrrring mate- 
?*M** iunii i]u'- jKiinl of rM'jiviition Ut i\ ]thu-r wImtp thr fjirth is 
^^^Xttijtnt into luTfirr nnd iiii>r:r c'tBrlnit vi*fiir1i.*» fur distant Udulin^. 
^* Puch A cjfcM^ II [laiTiJW in-iuli if ml in \hr. ground by iiiciiiis of 
plOw luid wTitjwr. Till' Irriu'li in lln-u wicU-im^] Mi it.n ttj iillow a 
^'^M^iin to f-iLMly luiNt thrriii^U; iind II- 1.4 carriinl lUiwn to fluch a 
'^J>Ui Uiat nhrii n plcitfunu is fjlnrr-d uthjkh fli<- Irencb and flujth 
*<h iho gnjuml-sBurf,'in», it will imf inforfrr*' with iIh^ wng^iiiH- 
*■*<* trench, M ujdiL-atc-d in tlic* longitudiiijd wcrion of Fi^c- 13*), 




Fta. 139h 

''* oxcavalcJ with a double inclirudion convcrgjinf torrard thft 
^pOt^r; one of the inclines is tflwjjer for the d«M«iidttig nagoiua. 
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while oni- n>rjips lo the surface al a Km:Uk-r incliiLktion to faciliut^ 
tlic JLMN*ii1 ui loaded wagona. Bi*Mv<>cii Uw O'igB? of llie trtrdi 
Aiul jiHL sibovc the deep portions i* p1ei<x.hI ii platform Hufhwith 
thf? ground. TTiis is coiiipoasl of w|j»rc l>c;inig placed acnxfl ibe 
[rpncti, havinj^ on top hvnvy plnnk.-< miming parallel with the 
trenrJi itself, la tlu' eciit^sr of Ihc pUtform there is a hoic 3X3 ft. 
The wrapcre, taking ii]> inatmaJ around the trench, piiss over t!jc 
platform, and wheii the slot is reached the driver dumps thoiL 
A wii^n Btundhig under the slot receives tlic earth, and whm 
fillt^, movea to give place to auotJier, Fig. 140 reprcsenifi tbe 



D 



Fro, 140. 

plan of the trrnch^ aiid indicates the course of the wrniwrs a 
well ae that of the wagone. 

The New Kra grazier is very convenient for the conatructifjn 
of railroails w^ierc the groun<l is level, eo that only a wnall em- 
baiikineiit \» ref^uin^d, fomic^d with niat«riab excavated froni 
trencht* on ciich Mt- ut tlie roml wiiich arr to be ueetl as dnuot 
It is very conveiiiexit alno m the excAvatloii of irrigiitttig ciaaL^ 
\*ln*T« thp earth i:* to lie deposited alonp: the edgea of Ihe cajial to 
form the Ievee«; alflo i[i ihe construction of Urge rpaervoirs, mi 
in leveling the ground for large rHilinail yanb, elc- Tlie man&« 
of doing the work in these varioa^ aw* will be briefly n*\-iewfd. 

Ilk the coa^(ruction of small embaiikinentji for single* or 
double-track railroail*^, the iiiaehlne runs over tbe trench to ^ 
excavatec] at the l#ft-hflnd gide of the rowl. In sdvanr~iti£ 
the machine, the earth removed going up the meliiTe (wboff ■ 
length will df*|>end upon the distance from the tn^ncb to 1^1 
ccntOT of the roail) will be ilum[KHl ^ as to form the ombti^' 
ment. After ha\ing iravih^l lo some ditlanee on one side, *J* 
machine returns to the 3larting-|xjint by following Ihc line ** 
the trench on the opposite side of the rfwul, ftnd dumping t-*^ 
materia] *o as to form the right side cf tiic embankment. '^' 
ptMsing M'YcnU times along the sjunc route, nlwa^if procerHin^^ 
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little inward or outiA-anl, the cinb^mlinLcnt will be completed 
witlif^ut ihff neceaaity oJ employing uuy vehicle for the tronspor- 
UtlioD of the matcrinli^- 

It will take twelve days lo conpVnict embjtnkmnitfl 16 It- ^"idc 
and .1 Si. hi^, for a singlor-trafk wlro^d, or 2S ft- wide and 3 ft 
hiffh for a doublr-tnu'k road, /tccortling to the diagram* given in 
Fig- 141, Assuming Iht' iliUy ctjst of wurkiug of the Nl-w Era 




■^r 



)lr 



X 



.T--^ 



TlQ. 141, 



: 

r gnuier es f 18. a*^ given by the manufacturers, it will eoet $216 to 
tuUd enihiiQktnei^ta for one mile of road of the diDieDaions ind^- 

li eated abcve. 

Hcw Kra graziers are very effieiexit in the excavation of ditehcd 
aj>d canaU for irrigation purposes. The diagram (Fig. H-) m- 

I ^ieates the manner of excuvating i\ diteb 29 ft. wide on lop, 8 ft. 
widi?a( th-'botlorri, and 7 ftn dorp, aw giv<*ri by t Ik* Western Wheelwl 
Serapcr Company, The brmbi hnve slopv^of 11 (o 1, with a fi-ft. 
bemtonoaeh^ide, and tbeeinbankiTK-ntsrorTiicd with the excavated 
malf^riid^ are 21J fl. \vub juid 5* ft^ high. It will require the 
handling; of about :i5..S(M) eu- ydw. |ior mile, and il \^i]l take about 
26 tiaya 10 fini^tli eiich mile, A.< ih'ifi ik u dce|>er <iiteh than can 
be eut directly with thi.'« kind of uiaeliine, it k neecwary at first 
to take out the aeetion rn;u-ktd c iri the figurCi 41 ft. wide and 2 fl. 







I 



3H 



BAAm 



deep, lulng a 21-fL i!levuU>r, worlciri)! i^jidi plowing from the 
oiiUU)^ Ui iJip ^^iiU'^r, Fuul di^rivf^ring Clur i^arlh on «M^h bank. 
Then iHirniw (lu- work liouii n» 23 ft,, aa aliowii by section fi, and 
take out 3 ft. with' slopes of I^ lo 1^ Hy^rkins from the outetde to 
the center, and delivering the earth on eaeh bank u^ before. Then 
the remming 2-ft. seciion r is taken out by cross-Jiruig, working 
from center to outside, and delivering the earth on the opposite 
shoulder, which was prepared by taking out fhe first 2 ft. Tb^ 
manner of handling ihi* work, by excavatif^ the e^rth from th^ 
J^t 0kde of the ditch and dumping h on iUe right b;Atik, and vice 
IE cjiUcd crcw&^firuig. B 

riio rcnl cof^t per mile for excavating n diteh of iho ditnen- 
sionB given will be $150. 'Hii*, hoi^Tver, doce not incluite the 
gcnurnl cxpcnec^, super in bcndcncc, ccntractont' prolit, etc. Fig. 
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143 gives a fair idNk of the eKcavation of trencheft by meaiifl of 
tbe New Era grader, 

in dit<;hed of larger dtmoiiMons, or when the enrlh from 
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niftf musl be uvil for fiits, the huuling 'if« cluiie by [ne^um uf iltiivip- 
ing-\i'7UEr'nK, llir n<irk ^muUl In* arrHiigeLi tw a;^ t4> liavi^ alwity?! 
All t'ni|ity n:igiin ut \v»u\ mu.ly to be filled. As soon as one vva^D 
U ItMitML lui innjily one miiK|, Uikr ru jjI^w unrW ch^ inclme. 
Tlif* Hiji-i-PTW iif ihr mirk riiimiM.^ in li:»vmg the ]in*p«-r number of 
waguus H*rvin)t iht^ imuAiitw, ituil lla^ miEnliiT shrjiilil be in pro- 
portion to tti^ riUi^uicf' of luiul. To loiul lOQO nr viU, in lea 
hours a vnigt'iL ii'i'^l bi* lU (hr* muU* ot thv miwUmv wt^ry 30 to ^ 
VY^nds. A team with n dumptnjc*uru|Con will liitui to a <ligt[UL€e 
of f«) ft,, dump, and return in one ininme. Whtut ihr luiJil i* not 
over 50 h.» four w»f;oiis will attend the machine. For tfuch uddi- 
tioik&l 90 Tc. anoth«<r team muBt be added. 

Fig, 144 nrpn^sents the W^tem elevatiog-grailer, dil«bor, 




and wii^n-loniler, a innclilne fiitnilar to the NVw Hni gmdrT, 

exfiivatiir^ atkL loading '^artli iiiti> w:ig;r>iiFi. Ii shows a wugatt 

^^^ng loaded while both luaoiunt' nml wiigDn arc in motion. 

^■The fotloviiDg tabk, indicating the numtier of wagons to be 

^ttied. titf totfll doily coet of hnndlmg; the c-arth. tncluding the 

cost of ofterr^Ung the iiiai^hrtir nnd the wjiguns nerrivmiy for the 

tiansiwrtAtion fit t.lie ejirth, ju* Wi-li us tlir n.ist (icr cidnc ynrd of 

wifth removed. \t^ given by the F. C> Austin MaTinrjw^Uirinjf C^iu- 

|xitiy, the maniifiM'tnrrni ut ihr Xrw [''m gnulfr. Thi"!** eMinuiliv* 
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are base*! upon the cost of handling od llie le^-ifl, but for deep n- 
cavations in large raiiala or high eiiibaEikmont^^ U\ o^Kis^riftin; 
leveee or reservoirs, 10 per cerl, shouM be ad^lai to ihc price (fivrr. 
For cutting dovvn hills where wagons load heavily for -iOTnitiiD 
haul, 10 per cenl.ean be dedueied from the prico nainctl- I^ 
wage-rale a^umeil is $3.50 for tnan and team. 
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In faulting trenches of small depth, as wcU oa in the cxoiv*' 
tion of t'lvrth from borrow-pit&, in which the materiaJs uw^i ^^ 
th(? hlU or depofrttf^l on spoil-bauks must be transported in i^ 
illrrt^iiDii iifTiit'iidiriiliir to the iixia of the conMnicliou atiii M a 
ilmlaiin? not *;n?atrr than 1*0 ft,, ihp moat economical w'ay <J 
iUhmk the wcfrk 18 to lcHJ**en the earth by hand-lools aiwl liaul ^^ 
i-xcHvafnl niatfrials by means of wheclharrows. 

A (ItfirmcliLin, however, »houU1 \yc niiuJe in the rutliiig <*' 
tranches on Hilo-hilis, Here tlie cl'istitncc fmm the cut* lo 1^ 
spoil-bank^ or fills h ao short that tlw oxiM\al4'<l iimleriAU i^ 
be ensily 4k*[ioHitfd by a throw r>f the »h«v<'l. Thr work in j-ucii 
& case dws not iiffonJ any dilllaiUy. Onr mati wtih a pick ffit^ 
do the loosening, while anotlier man with u *lvrt"4»l will thn** 
the ^xcavjtU'^l rimTeniil>i Id ihc* r(^|Mir(*d jKiril- Ijiborrrv nui ^^ 
placed evi>r^' 10 fi., :uid evon at u smaller JUtancA apttrt, 3i}^^ 
thf^t axii4 of ronjtiruf^Uon. 

Ill ^-xi^a^atinK irenehea by hand where the material is U^^ 
port<Hl b>- lut^aod of wheel barro\\«, two cases may ba|:q)en: eith** 
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iiuilrniil!! inu5l be il(^])iWite<L EUoIls^id<> i1iv> ttig^^ of Chc cuU 
^ a din^tion pt-rix^niiicular U» tlit? :i\lh r>f tlio const met ion, or 

Whi-ii n»- hximlviiU'lI i-nrlh l-^ ilcrtoutnl oil fi|nVtMmEik?* loc-^led 
prrjrjulirularly in ilw iixl^ i>f llw niiw! ihr work I'.i" In? »rraikged 
In ihe nianiwr ri^iiciUi^il in Fi^- l4o» 14*3, nii^l 147. Fig. 145 
i&f reM^kis the lougitudiiial profile of Lhe trcDch, Pig, L46 n-pn^ 




Fi«, I4fi. I4a 147. 

Ilw |>!ftn. llw two fir.hfT fipirr** Ixnng ihf- tor|o^ifii(1inM and 
cniRii-«ic*tHm ijf UiH Ui<Mrli rr'7*|rtn'liv»^ly, T!i*? wurk In arnuigpd 
^ tJir following fiiantiirr: TIti? Lceru^h ii^ tUvuloil iiilu MH^tiniiH of 
■^iit 100 ft- <?ftf*li; on cviTj' piectinti a gang of lahore-ix U i*m» 
f^Vofl, nctiiiR inde|JeinleJLil\ out- gaiig fnirii ^luoiher. Kach simn 
*i» %A awpcirnted from th^ ttaet-ewliti^; oue by means of a horizon- 
U L>€fach 5 ft. long, left so that two lftbon?rs with nheelbairowB 

pflfia oa this platfonn without incerfervnej^. The work 
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hepn9 with Hit cxcAvfttioii ol the noil for a depth of 1 ft. or 1| fin 
ftnd the iitAlorLHl U d<:|>atfitO(l in a direction pcrpcodiciiUr folk 
loQ^LtuiUnal uxJ9 oi the tn^ndi. But :is the nx>Tk progtvaan. ■ 
otxIlt to rMtcli ttie bc^ttrjin oF the rxcAveUion, it n otoesRU) to 
have inrliiii'<l rrjwl.n Tl -r ivrv «bt*iutHl by rxcavatiog i^ 
groufid <.>n n tlouhlf- im Im. i :i>[i» tiitch pUlTonn. The pxeavit»a 
is GAiritrU iIqwo to a (U-pth wliidi tli'iieiuLi ii]m>ii iW inclinaiMin cf 
thr TxtmL \i luut iH^-.n aln^A^ly rLMiiarkciI Ul^I whrn the tno^ 
jKirl-iiriaii <"( txi^fivu-t^Til iimlcrijUs h thntf by Iiit-UDK of whwlbar- 
n>wi-, Utf> meJiuHlioii of the n>iul i^hniilEl not Im^ KfrnLi-r thnn ^^ 
eoiiAM|UiRiit1y nri 100 ft,, which w the length of Ute working *^ 
llonM, the inclinalinn of the road hIiouIi) noi 1>e gre^ur th^i 
^ff —ft ft-, or in other v^orIh on each roail oiity a d*=*pthof 8 ft- v 
reacheth When ihp ground must be excavated to a gr^ftur 
depth, M the fool of the inclined road ia left another horicontAl 
bench 5 ft- wide, and t)ien the excavation is carried down on iw 
inclhip pArallol to, but in tho o]>j>0)4u- direction from, the ft^mKT 
one. At i\it? foot o( this ft*(?UTid iiieline a dejUh of 16 ft- vrSl \^ 
reaolie<l. In cjL^e the oxcavatioa should be carried to a filial 
greater deptli, at i\\t> fool of thi* w^corid incline another .'t f:> mU 
horisontsd bonch w left, aiid anotlu^r inelinc ^iutod with \U din^ 
tion oppositi^ to 1h<^ tn^cond niid 04]iial lo tlie tint of the in?Iinr<f 
rottdrt- The vntvk ]>nxvt'tU in ihiii tiuumer unlU lh<j botloiLi r>i" 
ttie trciirh i^ reachoii, and then the various inclim^ arc removed 
bcjcinning with the* lower onee- 

When. inz<tcvkd of excavatinR a irendi, an ombankmoit nvj^ 
be fonncd with tlic uiaU^rlals taken from a Ixtrrou'-pit, the work 
con be arnuigeil in the manner iadiciitcd in Figa. H8, Hft, ftH'' 
\Qi.}. ui whieh Fig. U9 n>fJTcecnt« the plan. Fig. t4S the lonpt^li' 
nal protilc, and Fig* 160 a eru0s-«cctbn of the enibanknient t«kff 
iklonjC the hne AB. These clearly show that the «mbankmmt if 
formed by tliffercnt strata of cjulh of equal thicknees pUced oaf 
dboxe the olher, nnd witi^ tiie itidinnt'ioti of tlw temporal' uxliie 
built for the accc^ of tlic whe<'lbanx»ws, tbetr horizontal pn- 
jection is in the form of a trapeiium. lliiB, for iii^^l^irtei?, if tk 
lop of the cinbunkaiecit has a width of 30 II,, with a dopr 
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I :t|, ADd ia 12 fL high, ibe iDclini^s having sl gmdc oT ^r (^ 
Itfvc^t ni 5iich & trftpeziom will be* I2xr2-I44p and tlif biwefl 
*iU b3t}«n*l(Kt ft, rt^ptt^'livL^ly. T\w ^IrntuuJ lii foriimtion ilo<« 




li th<^ AimultaneauA conatmctioD of othet strata ovoi^ 

!mg f-ach other. When the work i& compiekd the longittitilnid 
£!vtLle nf the top of the embankment will be in the shape of a 

^^^■^P Fig, lAn, 




-^ 



**, Such tin armngcmcnt of ihi' wprk, Jiowevcr, dow not nJlow 
hat froc<ioin of action of the vari^iu.-* (inngs of laborcra working 
■I Ihp diffrn^nt istnita wbirh i^ (MTinitlcd Willi the jurangcmcnt 

^1*01 ilk tbi' pn^viou** vsAiupIt-. 
Iirn the hnulUiK ^" doutf by n^e^juiH of whe^lborrown, it is 
L^HKuy t<i arrmigi' tbr tvurk in auvli a [imnntr a.H to Kivt* <M>iitiiiu* 
"1* Work to till' iiuTi, Tilt- imiiihi^r of whTfllwuniWr* U) ln' f»m- 
'loiii*J fnuj^l Iw surb ihiil ri wliri1i»r riM sinKi !i% lir iirrivi*'* ai. ihe 
'^liiig pWr will find 11 wbt-ilbjirrow tiln^iuly loiidod, while the 
*hQ¥#l*r will EdtvHVM li»vf* u\ \y.iu*\ n wln'C^lhiitrow lo load. Tim 
eia|ilci^i<(t by ii wbi^rU'r lu gr) n dij^lunui^ c/, shf^iild tx!- the 
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mnw <-mp1oye<I by th(* E4ho^'rW in loailing a wlivivlbArTQW. US' 

of thi* wliii'Irr aihl lljr c.n]inoUy t*f thf liArnvvt, 

In A T^ii-hniir *\tty'ft work a ^lt1rv<-leT iim> Iniu) 20 ru. >'«k cr 
20X2T = ri'IO cu, (l.; ilif ra|mril_v uf w^<-4*fllantlw^ U-ing 3 nt ll, 
a shoveW will loiiU ISO barrott> in a day. The liira- f rrqitiml 



to load cacti borrovr vfSl be 
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with a load may easily travel 10 miles per day on hon«>ntaI 
and coiise<}Ueiilly the leit^lh of the relay will be given by 

^fS^' -2^-290 f,. and a-miU 

But wb^n the grat^e ii; aFrt^mding, the greater will be the dkri 
and x]\e FinvMi»r the eflieioncy of tlu> work whieli may be reduwiS 
to iinly twO'tUirdjf. Thi- I'^ngth d of thd r^y will also b« 
rwluccd to one-lturd, and will U' 130 ft. 

From tbes(' etiiuplo ciLkidulionjt th? numbor of men to bB 
€n\j>loy(^i Win be i^iiKily ilKluefnl, which te as many ehovdere i* 
there av^ relays in tlic dUtancc. Hium, for inatADCO. if the cortb 
ehould be dumix^d HiH} ft, away, or H rcluyn. it is nectflsaiy 1^ 
employ IJ wljcclcrrj for each shmTlcr. and if the work ia ao inda 
tliat it aHowH S rini to work wdh the shovel^ they will proiUe 
continuous work lor 12 wlitrk^f- If tJu; ^arth is so ^Ironic tf 
to be cliuuii^exl KiB two-mail e^irth, the number ,of labrm-r^ l^ 
quin-d F<jr thr work will U' 4 nirri nt ihf pick, 8 shovi*h'n<, »h^ 
12 whr-rlfnt. The work lione wt Ih'ift attack can be assmimltl 
160 eu. yda. of rarth meaaun^d Icxine, cir 120 cu. yds, tneamnl 
in the cut. 

\VIien (he excavation of thtr earth Is done by hand toob 
th<v hauling by wftgoas, thr- work eau be nirLHJdi-rvvl imiler l»0 
differeut aspectrt— via., the cut ia abow tlje KrinincWurface so iW 
the rnra havi* jKcew; fo the fnmt by 1ravellinj( on llie ui'whr tt^ 
|)]anej vi i-T^f? the cut i» Wlctw tbf ground-Miiiw-'O hh in ttie exica^*' 
tlon oT celliLr^ or Litff FoiiTKhitirtits of lugb buildin^pt or in «rUi 
lrpr<"hejt for iciihvhTiyK, ele. In Ixnh e;iw8 the woik i« wr>' »* 
pie, tiM- ojily dilTic*ulty being in the Hrraiigement of tlic work eo 




lo mi|i1oy aDrn oimI im^^oiM m ^iK^h u iiutnlirr that neithpr tJte 
IPQiaor llv wH|!(ni^ r^niziiri idir for a MDgl^ uislanL KacTi altark 
Junlti br r^ocEski^'nHl Liiiliir'jiejii.lriiily from any othir, ami on rarh 
iHfr ihe irorianfii shoultl be tlividetl iuio Lwo ganj^— on^ com- 
|iwd of mun *ilh picks to romov*^ ito oarih from the bank, nm! 
tht flecnntl «f ehowK^rs tliai will load ilie wagons. Th** siiccega 
rf Ihc wortt will depitul upon the Giuployment of the moat f^ii- 
veoient number of mt^n aivl vitifyjryt in ihi< t'A:^* couMct^. 

nc imf«lK*r r>f uu\it Ui bt* r*m|>U>yr'<l In hr»'nkinK down the 
bnk of nulh vrill (b^jroJ iii^m ihi' fjiialily of thi' eo\\ am] the 
M(^l of the eiit, ll whouUl be directly iiroiionionAl to the owi- 
(W'ttfr of ihf iwii, iinil iincrwly proportional to th<' hf^i^M of 
thrcui, Thi.^ t'tLTth is ^^tmiictiTitri* diut^ilifnt ivi fvw mim. two rne^n, 
4h., vhidi tuvantt thnt ono iiifin r^n rviitov<< eoieh a f|uaiitity of 
*nih from the bank a.h t<i pvr rontiniiotLi uork to <^nr, Itvo, threfj, 
•It. ffcovMers. fJr wJiaL ij* ih^' .-atiir. ji num ran broak dow'ii & 
IWtiiy tif eartJi from tlir ha^ik \u thr- .-^jui' len^cth of Ihntr that 
™>c; two, thr^e, rtc, men can shovel il wjIo waj^iw. 

But ihp r|tiantity of caHli iiiTKi\h*J by iiit-ai* of ihe piok <!e- 
POkb aho njKin the iua^lii of tin- i-m. TJa* niiuiller tin- ln-ishl 
^ ^Ali>r will be Uie efTorl, while with greater hr'i^hts n larger 
'fttinuty of earth can Ix- hHltiTH! ilown^ iM-oatiP*" (lie men oan 
bcHitAie llie excavation nf the earlli by unilennilth:!^ the fmiik 
*t first, and tltc^n catwiiig it^ fall by means of u-edgE« or le^'vTa. 
^iiny caw it will nn* Iflkc a \<)\\g linip and study to observe if 
1^ meo emplo}Td at the excavfllion are removing from the bank 
1^ total quantity of cwrlh rGf[uire*l for (be day's haul. 

ft is more dilficiilt to deride what i6 the moflt convenient 
AtOtaW of rmm lo Ik- <'n»i^lciyr^-l for lojiilmg <".irK nt v^t'h attack. 
"M ft oommon praeticr nnioitg contrartfjr^ lo employ a* nmny 
I'^rlers tiM poffiible around the wa^ni^; tiic rcs^uH iad that the 
*«ii cflrn interfi^n* u-ith one another iiuA tlieir w*irk i»t imi vt^ry 
*&ient. The writer ho^ waloheil v*ry nirpfully the lojxding of 
tifoitf in ll»e construction of the New Yotk ><nt>wiiy on one of 
Use wctioiw where the u-ork was carried on w>r>' i*iieee«fully aofl 
ITM hiKht>* praised by the cnK^nei'r*; 11' tn^^rt werr; etit^>loy«<l in 
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looding ft vflgon, &nd it lock th^n twtu'p^n fi\'? and six mimiui 
to «hovt*l the curth into ;i viiigon of 1) en. yds. c^acUy, sndii 
took acuily two ii;inutt^ to b:i\v t^io loiulci wa^ion Iravo tltr ^ka 
and &n onipty one reiuly for loiktLing. In the uvutm^ 7 va|Dni 
prr hour wctx? Loculc<t; in ten houre' worl; the- VJ mm couJct loftl 
lOd cu. yds. or libout *3 c\l yds. c«cli, which thr vrritcr doo not 
€on?iidcr at M n good <liiy'8 vrork. Bc^ulci vtIk^ii ttic tiAji b long, 
il i^ lUniost impo^iblc* to have l\tc cur* nlwAv^ nt hnad soccecffiiM; 
^och other wilh llic rt-guUnty of ci n'orking nmchine. And t)v 
will slill further r(*iltior the I'flicit'nry of the aho^'elcre- 

By shortcnirg the time for loEutinx tlie migonfi, tbc bufcrvill 
1m< l]ir iitiaittiTy uf iimttml b;iu]<il tn n djiy, aivci aiDoe the lio^ 
for tiiaihiig chirily di-|n'tiiU upon tlie u;nn)Tc-r of Ahovv'ler^ it *lU 
1n^ nf greni acKaiiiaf^e lu kmiw whiit uill lie llie Dunt eilinciit 
iiuri)lirr of hIiovpIit^ to 1)^ itiiuJotoI. Il wiU Ije impoewLle \o 
givi' an ftiiKwiT ihjit Hill fit aiiy <-Hfle» b*u ilie |)e<^uliar coDdUion^ 
(jf ih^ work nnd loealiry should h^ cAFpfully examii^i^l. In tiuulV 
caMw the wagdii ts jilar^l alongside the heap of excavated earth 
and then Ihe iiuniber of shovelers should be greater on 00? f^ilr 
of the witKOTi than on the oEher. As a rule, if tl^e men are U^ 
CTowtW ihey uill not work Balisfaclorily. A man needs at lvi»^ 
2 ft. Bi)Bce in order to work easily with the ehoxTl. Ue sfioubl 
be placed in a potation perpendieular to the Bide« of the wa^n 
who^ ditnenfiioiis are u^uidly 7X-I ft^ so ttuit no more tlun 4 
men should be placed along the longer sides of the wa^n. and <xiy 
2 at the HNir. To allow the men to p."ork with romfort, thus ob- 
l^ininf; the greatest elSciency from their work, only 10 men shodU 
be employed iti loading a riir when it oan be locAtod in mieh 
way a* to Ix' siirroumird on t*vvry i^itlc hy i\\t tk*|> of 
**firth. Hut in C4t5<T Uic wagon may 1m.- hwaled 90 oa to hA« l" 
«irth only ftJong one aide and nl llic rear no more thftn 6 iw* 
shouhl be emplo>Td- 

Th*' <ii[f^tii»n may l:c a^ke*), i* it morr convrnumt to inert** 
the iiumU-r of ftliovclers. i^ to <lcfix^L-«e iW numbrr <A w«gon*^ 
As a nile it can bo aaid that the* inanl ecoiionucftl work b (^ 
Ijiined by employing a .HtiialliT mjml>i-r of ^'ttgiriLH .^rrvnl ooly ^ 
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men, than a Inn^er number of nagorte tcrved by a erowtl of 

» except in chsts in ichiph ibe iix)rk ahoultl hv eolnpletiNi in a 
■hort lime, and then ihp rapiiiiy la ibo moftt important item to 
ht oonaiileret} «vpo at tlie exppn«? of economy in cost. 

Till? number of wa^ns to be einployod in the work should be 
caifTuIated by taking iiilo cotu^iik ration the folloiviii^ ileius: 

0) The tim^ n^iitircd for loading tlic wof^ou^, depending upon 
the tiumbor of eliov^Iers employod. Thus in (he caw mcntiancd 
aboTc the tiinc for loading the cars was six minutca, and considcr- 
■Ufc that it will take anotiier minute to move the wagon and gel 
aiiuihcr into |>);bcc, ^ven niinule^ id all Wf.Tc spi^nt in loading it. 

i2) 'Htc number of wagon* to be cmployeii depends* h\m upon 
the lime rinph>>x*<l in hmilias the loud from thr point of C3£ca^^a- 
tion to the duni ping-place. T*ie lime (nnplayiHl i* the re^uH of 
the iwo Henienf--*-^the di?*tftnn* of tJic haul imd tbc iqx^ed of the 
^'I4pm, Tlir fomKT v.irii^ and li* ra-^dy de1enniii(*d by nu-jiri* 
of one of thr varioEin tuetbrHl^ imlirnU'il for finding tMil ihr nir^an 
'Itxlarire of haul; the latter ift p-iierally a^M^med U) Imt 3 inileji |;er 
hour. 

(A) TtiP lliiie required for iinkuuling Uih wa^nii, which irt 
"*nially aaKiinieU an \ar\iiip iHtwr-m nni'-inirtrtfr and nne-half 
*»^ time cmployeil for loading. 

(4) Tlie lime for (h** ri'tuni Irip, which la contiilered aa etjual 
to tile time emplo«Hi by the wngnn when Inailed fo (ravel the 
di«taiir4-, hi ordiT In eofri[ii»K«iile fur iirrid^'ntji inr\ ht the nH4il 
^nd a\uv' titiJivciiilnblf Ittftifs of \titif. 

T)a- limo Eaken by UomM (1) arul (3) h nmsdaid, whrvt- 
^^t.'i ilv" dlnLmct* of hauling rnay Iw, whll*' \2} urn] (4) dr|H*nd 
'^Pon Uu^ dwianw. In ih*^ cn^- rvf^rn-^l !*» idrtivt', Jimuwiing 
l^e dmnping-plaee located at 30()0 ft. from the excavation^ ii 
"^II take seven minules for loadini^, twenty minutes to reaeh the 
^■'i«te-bank*, (hree minutes for unloading, and twenty minutea 
'^^ the return trip — fifty minutes all together. Divitling this 
"umlxT by 7, the lime eniployetl by the men in loading ^ 
^*r, we jihall h*ive ^f-7, tlie iiumlxT of com rcciuircd to give 
^niiDUouji wi^rk lo the t^hoveli^rs. 
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lI llic numl>pr of 




^rticmi iiic numt>pr oi cnxv uill U* ^iwn hy thi» fanfii 
V ^-^-J^-^" 

in which f = timc cmplojTd for lowiing a wagon; 

r^tinte cnjpIo>Ttl for rrarhjng Ihe <luijip; 
V « tinir for unloa^ling ] or it. 

Fmni Oils fiinriult xj» rviily iKIucinI ilie grvAi conwrnf-nrt' 0/ 
eniploviiig i]iitii|iinx-'>^Jh^^ii» ^^hirli r:iii lie dmnpetl while !hr 
wi^riiii is« ill [tiiivMiiMil, siiuv llii-y pliTTiiiinU' fjne of (he qiianlilii^ 
1n I. hi- niiTtif'rnlifr. 

The etiM of lh(< <<x[Mvulii>u u{ |hr unit uf valumo of the niAiefi;i) 
IS ^vL-n 1>>- thi^ ftuni of llv alirTrrt^it qiumtttim dlvidoi.! bv itv 
totul luiKJuiit tit I'lirth IiHuli'il ill a ihiy, Tlif ilifTi-rpnl it«tns €i)M- 
jng liiuj th»> faleuUuion uro (<i> the PO*t of n-moving the «rifi 
from ihi* hank, whieh in givpn by tlu' \vn^*^ of itu» iripn eniplav^i 
in tfueh lui operaiioii, who^o ntiiTiU.>r ilo|>nrulfi \i\Kn\ thi* coiwifll^Bcy 
of th** soil; 1,7') the cost of &hu\-eling Uw mrMi into the u-ap)M, 
gneri hy Ihe wagwof iUp biJjorerv, u'hotH" nuroU^r i^houKL be lixisl 
by the etif^tkr>i>r ii<>r>onling to the vuriou^t contlitioTV of the loc^lv; 
{r) tho coHt of tho Ti^uLUn^* whidi il(*]wti<b upon the diiOAaWi 
And id) the eo^t of unlomluL^ tlie vvu^-on. 

Coii^ilering the foae referred to above, in which 1:^ nien ait 
^mijlowil hi loading a \^'a^oii, the distance of bAuling Iteii^ 300O 
ft- and the quuntity of earth tiansportctl 105 cu- yt\s., and rtffOin- 
uig iJmo that the wagon? employed are of the cortTactor'^i duinp 
tyjw, and the consistcney of the «oil is three mcn^ the cost of » 
unit of Nofiiiue of the e.irlh excnvntetl and hauleil aw^y will be 
uh follows; 

4nien»l tho out $K"i(» eaeh= MOO 

12 i=hcvelcre 1 .5(1 '* - 1$. 

7 wagorifi, eoet of hiring o.OO *' — 35.00^ 

Toioleoet SolKOO 

-Tf^ - .56^ cost of the cxca^'otion ami haul per cii. yd 
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In cji-v- titjly ft nwn an' T-mployed in loiuTing the cara, working 
jirr. t|ji\v will rthu^rl not lo?w than 12 cu. ><U. per day cacli, 
or 72 cu- yiit tu a U^n-Unur day "a work. They will spen<i tweh'e 
iiiimiUf< tji liduling a wajsoii of 1.5 cu. yd*- capacity, and for the 
Kativ' i]u<lancp nf 3000 ft. it will rfumre fivfr cars to give conlinuoua 
wfirk t" tliesf TTM^n. Tbc- rarth boing of the svue^ tenacity* the 
COM per ciiliie yani will \ie doduced as follows: 

2 mm ni the cut $L50HLoh-53 00 

6 iTirti at ihf wlwrtvl 1 . 50 " -= 9 . 00 

5 wragoiis, ccjtfl of hiring 5.00 " =25.00 

Totai cost 137. 00 

37.00 

Bj foniparinK lh»e two ticurea it ctiti be f^e^n that Ou-n; i:t 

Ho sacli (!nttt economy in inerpatHing the min»l«-r of lueu for Uijul- 

*tt^ a wa^n as is commonly bclicveil; the only adviiiiiaK** \» in 

<hvr (|uaiitity of earth tcraoved in a day. When tlu' hank i?t vvid*» 

^rfcciu^h lo allow iliiT^^ir-nt gangs U> wurk at the same Iiiuh and 

^thiml inteifmng wiili one anothtr, it will Iw' uiort' tomt'nienl 

^^^ fonn gan^ of Nh<ivpler>4 of a mi^miLtiiy ^inall nijialjer <kf men 

I'^nteail of crowiling thfrni atmiiid the w^gout^. 

The nmiincr of directing the work when the cnt is al>ov** ground 

^<Mv not iHT'wnt any dttlk-ijUy. The wagons iravel altvays ai 

lo** fcvpl of l\\v rtiwl iukI ov<'r Ihp nt^wly excavated plane, and go 

*l\^Ti\T? nearer ami ni'nnr ihf fn>ril. To allow llie wagoni^ tf> easily 

t^m, it i>in<fi^»wtr\-(o fmvc a >ip/nv for loading iww'nle as possible, 

<tnl \l will t«* eouwiiir»iit to divide the work iiitrj different aiiacka, 

^**\irig a! each one a «>i»iir:ifj» gang coinjH^wd of only a few m^^ 

^^>j<i**iid ot Imving ovAy one j^rmg [njute u|i ^if a gn>at manv men. 

•^teli giiiiR sliould ln^ pnivided ivith \i?i own wngont:, whcflii* tiumber 

<ltnuld lie in pn>portion to the nunda^r uf slinvelcTs in the manner 

wrvjuly explained, 

In case the cut is belovr the /fPOiin<l-tfurfat'<r, ns luiually hapj^ons 
ui digging eellurt er wiflo trenches for eul>wa>'» or fither purpn:^^, 
^ work I>egia8 with the exeaNation of the eoih following an in- 
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cllnin) j)l-uie Hitli Hui'li ti j^nulf' ikti il cam Im- »*iw!y nvcrroTW 
l»y hor*ew arul KHguu^K. Wlnfii Oit* |jbtir of Hip fvituvuiioii bis 
bf*en n?Hche(l, llie Haiitc> niintber oT tiion bi fjiLiiKnni ui cutting 
the fjont of ih*? bank fonvanl, while die s^mv f^xiif^ nf «hovi>kri 
will load the terth into the waf^on.'i as before. Hut olhor mm 
will be emplcyed in working in the opposite (iirectioD, euttiiw 
part of the wicle incline which was at firei ue«cI. In thid mttiimir 
only a portion t>i tlu* indintr will r^irmin, and will be left of ^uch 
(linif?n«ioii« that it will »ITonl an caj;y passage to two wa^na 
going in oppo^^iti.' ditvntioii;^ $an\ witlioul intiTft^ring with om 
another. 

Tim inclinH roiul U the Wt portion of Itu.^ Oftfth to be ouli 
an<l it ib< irrnovf^i only aft4*r all the work o( t'xf^Amtlon hsm bran 
conk|>l(^tf!d. The cutting; of this indini^d roait is tkmo In ti 
(liflcrent way^ de|ieniiing upon the implc^mr^ntA at Iu.uh\. If ^r 
the work there is a hoist ini;-maehf no to be uflctl oftcrwanl h 
connection with derricks or cable\Ta>'s, it nmy be used for hjul 
ing tht* wjLpona up the incline. Then the road b shced up so **j 
to niakr it alecprr with rvcry slice of rarih taken avray, and tl 
wagons are ])ullcd up by the rope connected to one ol tlie rew«rt 
drums of the engine and attached to the shaft of the waff»Q- 
^ten th** m[\<\ bccomca ver>' steep, it is removed by cutting it a 
benches, ific .ibovc the other, and 2 or 3 ft. wide cmjIIt 
throwiiijE the malcriid to the gmtind-surTooe, from when! it ^ 
loatU'd into the vrngonj*. 

When then? i« no hoisting-machine, the inclinrvl road ia 
moved by cutting it up m Wrirhr« of ilifTercnt lieights. Thu" 
i]M*nnj! that ihi' earlh iis ml in pHralM vrrlitjd Min'?< nnd the ttmle*. 
rial is loa<1cd dircrtly into the wngons, which will ^tund on tW 
iinlge nf thf- (!iiC. Willi tlir* pnigri^sei of tin- nurk and when iSt 
cut \iiL< rfMirhtnl MU'li TI bright \hm thi^ U lui liiii|i;r*r ivm^ible, thru 
iht^ liei^ht of thf t*Mi I* divided iido tiAO iM-nolu^rt. 'Hie eirt)t 
n>movr*i] from the Uiwer TM-tirh w tlimwn on tnp of ihv mme becHi, 
where t^tanil tilkovt*lers tlmt tbn^w the mnQ i^artlt no the wngoQ* 
which stand on top of iht* tipp*T Ijent^h. Rroe^WM of 2 or 3 ft 
are left between the various benches^ an^l in !hU iija!ui*'r ibe 
Ib shoveled two cr more timM before being ]uiiile<cl nway. 




CHAPTKR XXI, 



THE mRECTlON OF fcXCAVATlON WORK (COSTlNt'ED) 

The iD&nncT of cxcavaling earth by haml-tools arwl reaiovlne 
it by mcam of indufllriaJ railway:* hauled by horsca is conwniciit 
for excavatioiu of \€s» than 30,000 cii. yil^. of earth and for dl^- 
tatkcea not over 2 milcff. The cxeavntion of the earth froni ibe 
bank i? ilonc in tbc some way u5 if the houiiug ft-ere ilone by meam 
of v^tneon.^. It \» vcT>' import:Lnt to bavc ^uch a number of meo 
at the bark as wUl ait il-»wn ttu- reiiuiieil riUAiillly of earth with- 
out lhf> :<1u>v<*lf n* mi<t ca.ni wailing for theiit. 

Tlj»! inniirirr of nrr:]ngiiig lln- fnicL'* ntu] htiw lo fonn the 
rttil»u]kiiii*iit;< will Iji' iliHriL^ui'il hili-r nri, Ulmi The i.^xe:iVHtion 
of th<- fjirlh iH iiliUiiiird hy nii'anit nf |tt)w<-rfiil rinilimiouic and 
in1i*nniTi«':ft. rtij^tiig-imM'hinr-H, l.hr nrr.Hii^f<fiii*f)t nf ihr* Fnif-kit 
bolh iil-llie front aiwl hI Oh- <lurii|>in^-fj!nef* n'c|iiires ihr gnwt^-rt 
Hltf'ntioii oil aecottiit of thi* Inqz*' i|t;antity nf iimlrrial <*xi!iivAti^cI 
axiit cltiiuped in a day. The tracks must be moved contimic^ii^^ly, 
Bud ytt built wiih gtvat soTuIity, eo as io stand the hjc-nvy triiHlo 
of lb** road. Tlii* does not happen with inclu.4triid railwuysi, 
Mpecially when hauled by hor^e. Hero will be ^iven only the 
iDAlUier of 6\mf; the Tiumber of horses, the ntitnber of trains, and 
the nitnib4?r of ears of which mv^h train should be compoaed, so an 
lo j^e eontinuous work without any lose of time; and aleo the 
WM>U0 mi^thoda of cutting the tneiieheF, as well as the majuicr 
A>t calcuttitinjE the eoat of the ttaiiJ^portatiou of the tiBit of volume 
%t Ibo niAteri^tl 

It i« ofKumevl that th^.^ eiipaeity of the cftn; m 1 eu. yd. each, 

and the raiU are plowed on homonul roads or with an inelinatlon 

2m 
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lem than 3 per rent., and that the spted of the horses in hnulmf 
B traiii will be 2^ inilra per lour. On these conditions a l>unr, il 
» a>-c<uincd, caq haul five cats- 

Tlur nuin!x*r of lior^c^, //. rcquiml lo haul a traja of ji cars 
the capucity of c cu. yds. am I weight w u gi\'ea by the foriiiub 

whtre T' ut the incati tuiiihrift i^thcicnry of a hor:tc workinjE trti 
hours a ttay, m U ih^ weight ot 1 cu. ytU of Iht excAvul<^ iiiftic- 
mJt f? iH the resistance of friction of the miUi, am) j the indiimlio^ 
of niUa. The sign + ia for the aacenthtig roada, ^i<l tht- atipi -^ 
whrix the road dencendi* from ibe ix)inl of excavation t<iwfBxil tV* 
iilliiiK einbatilcRkent or duuipiug-pJace. ,V, being llie nufuW ^ 
trains requirni for the continuity of the nork, is fouitJ hi t%^ 
same way as the number of wa^iis rpquired in the work «1i^^^ 
the earlli \s hniilr^l hy mean* of wagon*. It is obtained by divt^™' 
Uig the time ernployei.! in the round trip t>y Lhe time emjiloy^^" 
in loading the trnin, indurling in the nniiid trip also the Ui^^^ 
for lo^uitiiig and uuloiLdiiig tlie car», or 



N~l 



t ' 




where d is the distance of hauling, v the volooity in feet per hoi 

t time employed in toBdiug a train^ i, tluie required for imlo&ihi:::^-^ 

the train. 

'iiK* number of cars required for continuous work depcnc::^ 
upon the volume Q in tubic yanis of tho whole exca^'alion, ni^^'' 
upon Of the number of days in whicJi the work ahould be don— ^i 
also the nuniU'r h cf working hour^ |>cr <lay, ui»n (he distanoe -^i 
the veiocitv v oi the hj;aliu^. and upon the time j nntl f| emploj'^^^ 
in Joading and unJouding, The number of cars, C, to be loAdii^i^ 

every day is given by -jy, in which c repreaente the capacity 

cflch car. But »tnce cadi air \s loaded wvend tunes a 





thj: diukctiox ur cxcavatjon wobs. 
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accoirling to iKg disUncc of lukuUnc, tlt<» miii^bor of aiTv 10 bc 
employed in the u'ork wiU Ix* g^vvn by th(- foniiutiL 



Dv^ 



(-^..)- 



C* bHni: ih<^ numbfT of cai^ required m oilier to bavp coDtinucnB 
lATork, ibe uuiuber of com rt for each truln will be ^\*eii by 




Coctsequently th@ work vhottM he amingMl with ti number of 



H=i^^(^'^^)(9±0; 



will] Ik nuiiilH-r of cor*. 



with a number of tmiu?. 



U^^^'^}' 






uul ntch irAiD i>rovided ^itb a nuirilx^r of curs, 



«=jf. 



The cuUinfE ot the trench** for rrttui^ and nirlromlji!, beM{Je» 
i\u' tiNiuil manner of attacking the hank tH ihf fmrit for the yxhcU* 
wiiltl^ eif the tiPiich, can hf nijulr alw> in two lUlTvrieiit waj-s, knomi 
«s che a|>eii-cut nnil the KngliNh melTKxl. 

The open-rnl iiicthwl v>iw in great favor whh engineers anil 
contractuni muw imu^ agn, hut il is now' n<»ar]y aban*lonod; it 
is givpn herv Ut^hwp in soine piulicular cim.'S ii may b© found 
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uw^ful evi^M (ixiffy, Fip*- 151 lunl 152 ?*l»im- Un* jjUii uinl Tf 
tLidliiiil neelioTi iif a l.rcnrh. Along Lli<> longiliuliiifll ixU 
trench In ^jntimI u ait for the wliol? Iwt^it of thi» ln.»wh, nv 
nidth of the cut is audi m to allow the pucva^ of can and %l 

Fig. isi. 




Pu)< 152. 

rides are left as vertical as |ir>saibW. On thp boltom of this cut, 
corn v(pcTidi rig Xii Uu' jilnii of thf? |>ni|>rrher) romi, is laicl lJi6 tracli. 
Tlie cuf. is wiilmrd nfli-rwitnJ hy inejinxof Om* Inter^J PXC-iVftltODS 
marke<l .'^j, 5,, .S,^ cU'., in thi* figure, and eauh cut has \xb own 
poitil uf loading. A* wkiti ju« (Ik- |>arU *% Jin> ^xeavat^ the tmck 
,is shiffj^d into two Imi'ti, (-uch oni^ Uvrig dod? to the «xca\'atton, 
90 that the worlc is -«pr\'ed hy a doiil>Ktnbck line ^xc^'jil oa 
poitd 1 imd 2, wh<'.re ihe^a is onJy a i^irigtc-tTacfc line for ImuUne 




but oae affcmling fijeaW conveniens, is ihc 
iri Ti^. 153 rin<I 154- !l coiitiiatfi in oix^mng at 
trench tiong Lhc longitudinal a:d3 of the cut. On 
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ihe llowr of tliw tn*nrh, whotte tieplh U vi*r>' citalkw, bi pb 
Kingl^^-trnrk liiw% and \X)v t'xcavatioit la iWn iiimle on the |)ri 
tniLrk(*<l 2 in tlie %are anil ih irairifnl ilowii lo mt^i a liefilh llial 
it ifl no loDgpr poi^ble to loed The cam. Afirr Ihis riil tuw bw 
nmcle the track in removed lo the botlotit o£ excavation No 2? 
and tlie ears are loaded with the enrtli Iskrn Troin (1w mil niarkod^ 
aad 4 in the figure at the rij^ht and hU of lh^ Iniok, \Alien lli^ 
exc&vation of thew tvro parts is complet<Kl Ihe tra^rk \s lov^i 
to the floor of out No. :{ and the Fiirtli i«; tnken Troiii |iarU 5 ui 
&, and wh^a thc«^ ar^ €ntiTC-]y mt, ilw trjick i# lovr^red 
to the bottom of trench No. 5 aiul \hty rArcli i)> rxcA\'aU>fl fj 
partfl 7 And 8, f^tc. 

Tho arrangement of tho irAoks alonji the lonjciludinul axu 
of t^- construction itt indicated \t\ Fitt. l/i-i, Th<- w«>rk 1ir 
by laying th^ traf^k in Section 1 with mi InHiiijktion Vf*r>' i.4o! 
to tho ground-surface, which in iw>nw* <!aw*w may l»e vwy ntwp- 
With the coneccutivfi excavations tho incliimtion of the roatt i 
chanicod until a eoin^tnitnt one \» obltm«'<l for lUc t^an* f-niplny 
to haul the earth- Such an inchnation t)eKinA to l)e convrnit^nt*' 
in the excavation of Section 5 and the followii^ iinlil the llnor 
of the trench is reached. On thia the loaded enrji niay en?ilr 
^ide down the incline an<l perhaps haid uji the empty fnif*. 
or theae can be othemse caMly hauled up. Tlie dr7>er<nditi£ o1 
the loaded car* ?dong nteep Toa*i!> is, however, v«r>' (langeroofii 
anct if they Eire rot provided with brakes some meana should 
dpvl^fl to prevent their running away in the inanDcr dfscril 
ill liaiiling ihp matj^ial on inelineil nia:]^- 

The InwerinK :iiid I'eindviiii; of the tniek fntm one ?*rrtion 
another eaii he iJcrfnrnirHl In difTtTf^itt vi;iy», de|»riiiUnp chief^-" 
on tlif> (|UHlity of the soil and llw |mrtieiilar niridilmnft tff tl^ 
locality. TIjiuh^ in the eaw roriMiU'r^'d nl«ivi', aff^r the eoi 
spnmlingcijI^havBlieE'n made, l}u- irack^^ iiiLi^t In* not (miy lowei 
but aim trans ferreti fiorizoniaily. When the ^il is very loi: 
or wet on aceotml of |>erco1atrr.ai of water, the moving of iIh? trh< 
jK iibtinnn^ by nieanK nf wvprni ixifn working ^Jong ihe line ai 
pii^hin^ tlie tniek wilh Imn Imrs. Tlie truek will reach ilA nr 





niK DJKMTiriv or i:X(Uvvri<iv wokk- 
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^^^^■by sliding lilonj; iUo. slope ivhioh was left ktt thr iarnx^r 
^HRfiiM'til And u)ion which tbi^ track stooil. But \h-t]^n the 
^B U tlrr ttoii rcftstcnl no that the s'ldt^ of thr^ cut arc mnrJy 
pieTlieal, Ibe track is lowered aiul then tmiisfcrrc<l horiKontalJy 
bo bs hevr poation. Id «uch q ease the earth umhr the irTLck U 
Pc^moved until only a few pillara are kft to hold uj> ihi* inick; 
then ^rope are mfterled and the pillars of earth cut cfowi:. Bj 
removing the prop* tl^e tratk will fall on the lltxir of ihi? rxeji- 
vaiioii, from wtierp by lueaas of levers it caxi t-tmly \^. tntiiflfcrmi 
to il)e required place. 

The aiTajtg|pfliiei>t of the ears at the point of e:tcavuiioa lutiHt 
Wniifhas to insure ronfinuniis work Ix^th to the m<*n and mMcliiiie<4. 
*5 case the^e are eiinjloyed, for the ivinoval of the earlh. This 
i>a very impurtHnt it*ni U> lie ix>nsidercd, fwpcrlH.lly in works of 
P^at magniTude; then It is . rirern»«\ry to (lis|K»si' thp tracks in 
'uch a way that a train nf prnpty var^ nwy innTindiflN'ly take the 
phoe of the onc« whouc car* have ju*r Iwcn hmdid. 

When the work w in niiir hill, n* in ttw* excavatioTi nf the 
^Hch given in Vig. 153, the eimpl^st arran^^Mncnt of the tracks is 
lii^i iQilicated in Fig. 15*1, where n trsit'k AH is lociitcil at the foot 
^^ the filope and on tlie fioor of cut 5 wher<^ llir men ato working. 
^^ n short distimco fn>iri thf: jw>ini of t'xeiivati<in it ik n[>cr«>'ury 
ly liiivo a «i.lc Track f^r thi? wrvice of t\ir truinj;. Tito ernply 
^'ain cntcrw the track KF and Hlop» lh*'r<", while* cithor the hon«*s 
^^ the Joconiolivc haul iIh.- hmilnl train idonjj tho track -lA to n 
I*^int twyoml thu switch C on ll«? ninin trrick. Then the empty 
'>^U is hauled b4ick oil thr main tnirk and i'iil«rH the tr^k AB, 
'^HiiginK the empty train to the point of haidinf-, 

in many caeeit the liank i^i attacked at sevt-ruJ poinU<« along 
^Hr front and thcti more than one irain may bt loaded at a finic, 
^Tic «mvcnient arrangenm^nt of the track is the one inilicat^^d in 
f'^g, Ui^. The main track i» |fro<luced as far iu* pc»asiljle, and 
*»inlly it luins to Ti'AcU the bank at the most aiivanced ix>int 
^her*? the train AB \s loaded. Along the main track i^ plained a 
t\ritH) with a fiile tiack KF for thr loailing of another train, 
iu thia case along the niain track it is neccsAaxy to have a 
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switch wiTh a si<!e track CO for th^ servw of thp Uainfi. Sin 
uri arrajigemeni afTonLn 'mde|)cndo'jico to ihe imiQ^ which 
be oper&t^d in jusl the same maiiiior ua iii()iGtit4Hl obovp. 

/Vnothrr manntr of cutting Ir^ochefl W occoHti^ to the 
li*h nictluHl. wliich wjis at iit^i commonJy emp1o>-^ In En^i 
ill thi> cotiMfnicllou of r&ilroiulg, and foUowBd ftft^minte qq tl 
continent, ]m\ i« np£;rly Abandoned now. Along the tongitudiite^ ^ 
Axi0 of tho coiwtniction aiid clu^ to the tloor of the propo^i^^ 




1^. iM. 



J 



^xfavElion H 1iPt«<linf; tv^iA QxcavAl«<il. Tim iUinpn»on.« of Ihfti' 
were fme!i as to allnw thp (wwagp of a tmbi running on n tum-r- 
row-gEiu^_^ tracks All iiloiig the line and jii^t abovx' iW h>.*adiTi|C 
«haft« n^re sunk and eotnnuitiication rel^bliAlioil bptireeii llft^_ 
ground-eurface and t1ie lipwlirig. T\\p nUatXit wph- nfti-nA^LrtJ^| 
«nbrged in a funnel-lik^ <ha|M: thr(>wing tJict inar.<Tijil liK<id<' the 
bWl and ihis filled tho car* tli»t witri raidy tlum', Ttw loside^ 
carv werie remc^ved, and anolhcT tmin of empty onifi look ihei^ 
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placv urul wr-r- niuly to Ix' fill('<l- In Hiis tuamifr llic cxppnsnf 
iMMt <if lita^liiiK Uu' ciiniL wiut disf)i'iu4i\L with^ Thr^ dinit<iiflion« vi 
111*' IwadiuK wvn- <^X7 il., while the filiafu wi-n^ 4 ft. iu|tAfr- 
Oihcr fldvanlapps of this me^hoc! are the r&pidity of tin- irofl, 
and that thi* track is placed where k seriTS for all llie work nr""! 
oui lh<i iiecessUy of removing it. BcaidcSj Uie heading l-i j 
pxcavhlo<l al the loudest point of the work, il server! ns » dm 
But tho preat oosi of tlio cxravsittnn of the hcmiUrig nmki-f< 
8}*6t«Di object hinable, especially when tiie cut U not \fry ■. 
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Hench excavation aoconliti^ to tlio Fjifrlii^i intHhcNJ. 

^fe n»t of th? unit of voluiike of ilie work els obtaimed irom 

Hrkinf^ o\pens&; '.& cMuc^d from th^ following items: 

[Q The coet of pxcflvation, 

ft) The co«t of (oatiing the cars. 

(«) Tli« co«t of thr motnT ixm^er. 

14) Th4 cofft of unlotMlmtE tin- eun<. 

Th«c ftw v<Tv easily cTilvulnti-iL without the neerawly of intro- 

K&K coiiipJie^ilmi fommliift cir liAviiifc n^eovirst* to liithcutt aJge- 

io .^olutiorut. But it w neceawary to rcincnib^r that the cost 

piven by llic*e ileiufl i» not the n^al oiif\ ninw it docri not inclurie 

t&tere:*t of the ca|»tal inveiitOLl in thr; cars and road; the co&t 

tn^ntaiuiiiic the roo^l m gofnl n-orkini; order, of ^ttJEijc up 

plant at the Wginninj; of the work, and of reiTiovinic it bftcr 

work is conipleteil: the ex])eiiaefl for iubriealing the cars and 

kirinc both the tracks and cars, and all the other ^^xftf-iued. 

iding tlifr Binkins fund, Sonu^ of theae items are ea«Uy de* 

nJ from ihe «]fit cii the ]y]nni. ay^, fur lii*«taiii'i\ lln' iiiunsl iti 

captlal nnd Milking faml T\\r rr'|i:iiniig is r-!iknil»li.i1 |x.t 
tun at oTH^-fuurtli of thi? tolnl rutt of lh>* ojirv :uid trneks, and 
ilividing this mim by thp total qunnlity of ^arih hauled in a 
r lit foum) the c^uoia to be added in the cost oi thf iiiiil of 
nne for repairing. The ooet of the mainunmnci- tA tho rooil 
iBoally ^xen by the wsgee of the men employed for this pur- 
e, and th^ cost of s^ttin|r up niKl removiiur the road is {generally 
uned at IS or 20 ec^nte \)cv lineal foot. 

In excaMttiona of ^tvat mn^nitude the Darth le removed by 
^inc. and the trantiKinfition of ihc ext'avated material la 
idly done by trains composed of ordinan- r^ilroiid cars running 
itaitdard'gaugir Xwk£ and hauled by locomortve«. The dircc- 

of the work in such u ciUH* is vm- <UHi<ult. ixud it vrill be 
D«t impossible lo indicaU^- rule.* in rrganl lo liio maimer the 
Ic «houhl be <lirrcl<Hl, Evcr\' work can tn^ tUnu- in liiffcrent 
it tlie («-U-ctii>u of tilt- mn-(t conv<-nient in the prtuliar 
ei*jrin«r h^ to deal with dejiendd upon ouuiy circuni- 





BARTE AJm ROCK KXCAVATIOR. 




Btunces, clileily on the local conditiondt of the m>rk and the nuLchiBM 
employed. In any ease die priRineer should do the vioik in tlie 
amplefit way and with the emalleat efTort, which v,ih r««ulE b 
obtAinbg the w>rk at the stnaUeet eo9t. Hue fi|4»iendly 19 aeeom- 
pliabed by aelectin^ the moet etneieot excavators; by a mtioofll 
aequcnoo of the various cuts rcqutrei for opeaioj; the trracb; 
the most convenient and economic location of the trocka; by 
employment of only the numbcj of care and loc<raotivcd all 
ncccasary for the work: by the proper formation of trains; bj 
facilitating the untouding of the cars at the dumping-place, Bad 
by looking to <-ver>'thiiig, even to the smaUcst <ictiub, so a« to 
have the work run with the regularity of a iDochine. 

The greate."*t att<'iilion s^hould be devoted to the selection 
the most convenient exeavaling machin<« re<iuired for the woHt- 
In the ileficription of the various excjivators it was said tluil M^ 
the cnnlintioii^ and intermittent maL-tiinea mU dig cither abo^'cf 
or below the [ilaiic of the embankiiiLnt u[x>n which the nutckioi^ 
Btanils. With tlie exej*|ilion of tlie gralihing- bucket excavi 
which is nhlf lodj^ thci-rirfh fnnn M.ny drplh, at-ll llu-dth'^rnwlii" 
txnujLti* (lur rarih in ii liniiU*!] lir-i^Jil nidy hij that w)¥?ll 
trench to be cut ia vcu^' high, it vt nt^vt-smt^y to cut it in my 
M-ctiutift «m> uhovr* th<» oiht^r. This* will r'liiiire the r^movnl ath 
lowi*ring of the trackway several times, an <}j>eration whii'^i 
involves heavy expense. In ftueh a case it will !>e UNcful U* 
employ ditTerent kinds of mnchines for the i^aiious HeeUoiu into 
which the cut \s made. Thus, for instance. It will be convonrnl 
to employ a steam-flhovel for cutting the earth for the fire: 13 
20 ft. in height, and to remove the material on trains ninnJng^i 
tTBcke laitl on the floor of the cut. The slenm-ehovel ahouli 
followed by a down-iligging muchintr, cither of the oontiiiU<>i 
or intermittent type, and the material loaded onto tr^ns 
en the tmrk previously lai<l on the floor of the lifet cut. In 
mnnner ihv. oosJt of n'mo\-inK the trjiek* \^Ml be greatly rtdtiffi 
and ftuch an arrangement \» liable to yLel'l fixir profilf^ t^ the cocf 
tmctor». But it rcquirott the employment oJ different kind* 
inochlnca, and eonsc^iuently the neee«)ity of having a larger 
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^^H^vBhtt bet>i4ca the uiconvi^nienei^ of 1iu\iikx im> g^i|^4 
tneD operaling aiul workiitf; m aii fMUir<*]y 'iiffcivtii wuy, luitl it 
II bo vory 4ltll\cult to make tb<*e varioiw appliiinQos work har- 
omouely, cepeoiaUy if the irench lIoi?h not exlE^tid to « gnmt 
ngth. AU th« advanta^^ and disa^lv^aniaj^ should be c^rc- 
lUy cxnmini?*!, oml w^loction ehouid be ma(ic of ihc tiit^thod 
hich, in \bo particular caw the cngiaoer haa to deal with, will 
lord llu^ lartalcst ivd\-ftiitaj!;c. 

In regard to excavators, American engineers havo verry lillle 
« select from, siiicc the only excavator commonly employed in 
is country' is the steam -^ihovel. It U, and has been, «a exten- 
rety tued that the operators have acquired such an experience 

its handling that they usnially obtain results not very far from 
c technical efficiency of the miwhinen 

IV sequence of the cnts in the trenches sis well as the arraiigi^ 
ent of Xhr travkj* for hauling tlie nuitrriuls exejivjik'il by meaii^ 

thi* fllenm-flthovrl have been sfi fuily iliseuswd by Mr. K. A, 
ermann in hi* bnok, "Stf^un-shnvnU n-mi Sr*yuii-^hnvH Work," 
lU K will be better to refpr tlw reailrr ici iIiih btwk tfnui to attempt 

^ve herp an incomplete dewcnption of ihe various eases he lias 
nsidered. It is necwsary lo renijiric th;it these are not the only 
«0 encounterpd in tho wnrk of <^xcavntic>n, nor i* the indicated 
inner of excavating and h:utling the imly one ivhieh may be 
bploved in such a ea^. HiTr only ihret* vu^if iire eonaideretl, 
e widening of a cut when thr nKiterval is^ loadeil oi the main 
ick; secondn cultinft tio*'Ei Kr?"lf'-'i; ami third, opc^ning new 
Miebee for coiwtnietion work.-*. \\\ of ih^iti an; flMucod from 
o book of Mr. Hcnimnn. 

Wtdtning a Cut,— The nianner of doing the work 19 clearly 
ificatcd m FiK> ^^- A t«witih is ]>ut on the main imck 
al beycn<l the end of che eul ami far enough away to t>eraiit 
t ateam-afaovel to load the ears on the main track. Very often 

the !x-guinin|! there is not much room f<.>r the maehtne, luid 
en the bank is at fin^t attt^cked by lumclloels and the eartfi 
Dov«d by nieana of wheel barn>w."<, Sueh a work is cairinl 

until 3 side track for the machiiur eon be pJoecd on the tfoor 
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of ihc cxrji\';ilii)ii. Tlirougli ibo fwiXrh of llit* mAin Inicit: the 
iiiTichiiir IK brmight in frf>nt of ihi- Imuk <>f i-urlH l» hr rrDWTTtl 
nnd if- n*Ai]y fnr H»rk. .Sftinfc^ i>f tt-n In IVM^iily rjinianr ihrn ilniini 
ulong ttir tikiiin tnic-k iinil ntopiri'il »fi|iiuili- Uir tiiArhinp fcir UiSii* 
iTig. ThU iiuv:HiTU> tu il ^\T)rkw iu1vhili<i<:<, nml vlntri it liaiK rtwhni 




Fio. l&s. 

lli<* r^d of i}m* ftw itph it a^h-ancefl on short swjtbns of trwk jj^roenll; 
4 n. ImiK, whMt an' placed in fponi of il tii\d Again Wken fmm 
{t« tt»!ir, wtwn It bus niov^l forward, Afl^ all the cara have hwn 
loiKlrd Ibi^y f\tv tokm away for uhloadinp. Sometime*" ihe 
flteam-^licjvd is< loft idle unlil tiie train rolums, which is a *i'^ 
waatt'fiU iiM^ltiTHl of worki^K, cvtn where the haul to the <toip 
is short, half a mile n>two miled. Tm-o engine* luid cn^-B dwwki 
be Uflcd for hauU up to ten milcei Uiree engines and fjr^vt 
mow for loiijctT haiila, or where the trartic on the roam hue w 
vciy heavy wkI tlelaya to tile work-trairw arr frcciiient. tbc inat^^ 
rial i.H urnrrnlly utiUEed in filliiur tpc-^tle*, widiMung embankeuP"''' 
for siilf irncLn, duuhle tracks, yards, Ho., Uiereby inftkiiii: tw*^ 
iiTipnivniieiiU At the same time. 

Cuitinf Dovoi Grad«».— Hiippcwc that the ifTftile of the iW 
In III U- limvifLl iu ihe nmnner iiidicalcil ia Fig. IT/). FpWi 
n swilrh iiJ34'rteil on the* niiviii traek at grodf* the maehinr ft^' 
vaiiee^etiiting the p<.>rtioTi iiiarkixl I and loading ibecars atau^lini; 
oil till- nmifi Irack. As il rul-H it moves forward on a track Im^l 
on the flfxir oi the jjit, whJHi U iiHiially 2 ft, WUtw the plaJH- uiXht 
mjiin track. The et<.^ni-«1invi*l eiitn ita nay and ailvnnrra can- 
(inuoitfly until the rid lut* l)ecn made for tbc whole ten|pii.j 
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knoll, ami thm tlif track, which in this Cii*c vavs limit con- 
tiiiuoiui UihU'ml of in wnjall sectimns as bt-fore, is sTiitctiKl lo ihc 
!iiniti track. The marhtiie is brought liack a^ain on tho main 
trm'k and the new track wiH now \w temporjirily uwil by tli& 
trains tut main track The miichiiiE^ will i>('gin to t*nt No. 2, 
kaiiJDg the materiala into the cars running on fh(^ U'liiporar^ 




main tnu-k on tho bottom of pit 1. The cut \» also iiiEde /or th*? 
ttljfih* U'lif-ih of th*^ kniillf aiij the track Wui for th^' madui»' will 
U* ilie permanent track of the new ron^l. Tho riachine is brought 
Ifftck lifiain, cutiin^ the ponion of treneh No. 3» loading th(* i';ire 
miimni; on lht> Iraoka of pit 2. When also ihis portion Ivis bt'cii 
cut the aJopes arv adjiititod hy euliing ilio priUs limiting (he top of 
the slope, iising the nrnieriala for the fillings of ihe Utwvt poiiioii 
of the ffune «1ope, 

ConstmctioKi Work. — In tho coTiatmction of new TO(uh it i« 
iiccrWHiry s<.>rr«»tiin':* U> cut wideunJ deep trnichcf. itml the work 
i# done on «niiJi ««(ilion8 at a titii(?. Suppose we have to cut the 
tirnch g}Vi!:n in TiR. 160- Tlic cut will be made at iliffcrent 
tiimvt ami in live ordrr marked in the tijgurc. The work be^Einft 
with the 4xc:i\ivtion cf |H.>rtion 1 and the material in l^uilrd 
VLway hy car* running c»n a track teinporarily placed on lop of 
the rtjrface-grouiMl and flfw.' t<.i the cilgc of cut 1. While 
Ihr niactiuir <idvaric<-fi cutlinjc it* Way, on ihr boilom i»f pit 1 
is pljUT<l a 1 rairk upon which thr traiiis wiU \int& hImt ihe niuchim* 
b* milting [HjTiioii 2. Thr work will hr ci>nliniiei1 in thi' ssiimi* 

r^aJw^t^n building up a at;w track for tike niachiae, whllb the 



320 



EAElTlt AND HOCK RXCM'ATIOS. 



r.niiriswill ]>».■?«< on flu* Inirk pn-vinuscly linill for l.lif niachtnt* wlitii 
i*ulliiig tlio prr'iivimg jK.irlioM, Tin- wrirk i* Jirnifigwl Iji m-vitsI 
pnrlii^liv, mill Vkhvn all un* i*xc»vukHl Oir i^linlr In-lirti in ujm'UmcI 

to till* rri]i]ir*'il <lq>tli itiu! tlinK'iisioHs, Tlii? succeiut of the oimts- 




tifn il(*p(^nilK iii>on tliP soqueno^' of tlio cuts and the ratlonfll arrange 
im'iil iukI <'<miiitnmj of the Iracks. 

DifRcuitiott, howGVor, are liable lo be encountered, e«j»«m!iy 
in lh« exciwnlioiL of part I. wh^n cutlitiK kiiolle. These are chk^v 
due oithor lo iU(* moliuaiioii i>f the surface-pround or to thp diflpr- 
eiitMrft in ileplli l>elwcc« the floor of the pit of tlifl first cut suid 
the f^iirixmndia^ aurfaco-p-oiiiul where the track for Uw removal 
of th(^ [uiil^Tiul ia locateti, llic first mconvTDicncc is usually 
avoided ill difffreni ways, depending upon the condition of the 
locality. Souietiiiiefl light railioada are used, citJier haulcU hv 
horses or by ropes in the manner clcdcribed for lumling maKri^ 
on inclined roads when the «fopc of the knoll is great, ot 
by rcmovbig the material from cut L by meonn of waj^h^ 
Thi* M*cond inpanvenience Is avoided by ruining the track upoO 
whidi llu' iMiiehinr advautv.'S niid lliw is iiIiUuimhI by n erilrworkH 
,\fUT the ri^ravutiiifi nf part 1 i^ eoin|iHi.*d aind tbp m^icliim* ^ 
brought biirk ngiiin t<o ns to l>pgiii Uh' euf of portion 2, iH* 
cribwork if* rf'movf'd nut] the Iniek fur ibe Iniinif will fiow re^'^ 
on tlii^ fkjiii' iif pil 1, 

Tbi^ train nnisl W fcirmed so as to be iD pruj>ortiou willv tk** 
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foro** of ilw loconioiiv*^, nrnl ytx li) ohtdii the greatest e3ici<*iM?y 

\iy uMih; ibi? sniallf»*l huiiiImt uf tv.n; pos»Jible, \rilhout uiCor- 

fontifc witli ih^ coiiimuiiy of i\w work. If tho total immbcr of 

cun; i* such llml ttu'V am U' htmli'il Ijy giilv one loconaotivc* 

il wiU Ije Ix^tti^r lo haw only one Cmin. Aflor loaded, it is 

' imniRlMitdy hauled lo the dumiuriK-pEitn^ txtu] unloaded, rctuni- 

' iDK rifihi away to the point of pxeavtilian Ut l«' liuulwl neain, In 

miLEiy cascA, howpvcr. iioUvithstaiiditu^ it Ui jiowihU- to haul all 

the care in one? trtun, tho lose of timi? wiJl be w> Kn^iit th^t the 

vgAl will not be completed at the api>oiritod tJnu^; it will be tnoir 

coDVTnicjit to use two locDniotiv-c^ of aniallor (^fliclt^iify htu) form 

l*\> trains, each huvmg n nuni^icr of cars half of thf total luimijiT 

Inquired for the vrork. In this case- the trains ttill altt-matt- at 

Une excavation and iit the dump, and the «erviL-p of lo<:onicinvi\H 

must be ainui^l in *uch n way Ihat the siopa of ihe trainn ai thii 

extrrtnc poinUJ will lad only the tim« required for the Inadinf^ 

and utdniuting of tht- t^an*. Othfrwi.'Hv to eorn[x'nsate for the 

]om of time without utCm^ aTiutlirr Wmnotive, il should Ijl* 

tir<v^<«n' to inrn^ii^^** tlie niinilit-r of car?*, nml lhin addition will 

tenA to inrn-^iM' thf tumV tif thf work wtlhrnil> »ity tuseful pmencal 

rrttint. 

If the lijnp — employftl by the train in ila round trip la <*qual 

to the lim* fTi.^iuinil (or loading nnfitln-r (ruin, jtnd equal aUo 

totli^ ttmo t^ for unloading tho suinc tr:iin, it is n^-ct^^m^ lo havo 

C 
thwc Iraina, each om? composed of -^ number of cars, whcrt^ G la 

thf total number t>f car* rejiuiied for ihi* excavation. 

The number of trains rtquitod foi- tho work ia given by tho 

fflvnkula 
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and each tmtn vnll be coiaposcd of a number of cara, 
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o( OS CfotMnkDwot cooetnicud is the manner just 
The ax>»«rlion indumU^ ftko the mart ccoDomie way of nwvbf 
the trackj^, which anr shifted from lb» left to ttw n^x In thtdtA 
Atratutu, iu the opposite dirtctkm for the eeoKkl, wd A£ m Uv 
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for the third, irhen the whole (intiiuiknicnt -vtus divided into 
thiTf* tM^if>ite built in succcmH'^i. 

Whi?!n the ^mbankm^'nt hns a k^'"*<'^ hotj^ht, It mty be built 
by (lumping the matcriab at Uic front for the vAioh width of the 
cmbanlrnieiittf* It cjin be made of diftcri^nl iuHimnl strata* the 
fiTBi ones hGv;Rg; fjcai «iopw, anil the ffueceivive snoatler, until 
tbe total Ulltnf; hua bees nuHJe and (t^ i^rntKinkTocnt constructed 
the rvtjuiirtl hei^t, and in the inAiiiu.'r imiicaU^ in Fig. 103. 
le by operating in ihU n^y the nuit«nal must be {Jumped 





Fio. 103^ 

at tho front, when thero oir no can* w e<nifilructetl it m necca&ary 
to f>mploy tunitnbWt two at loast, and they can be 1oc»U.hI as 
In Fif;, 11^, wluch ahowa aldo the arrangemcat of the tmcks. 




Tbp niAin Irntflt I* divKltHJ '\uio iwti side-Unee wTiere nin thft leaded 
cais; llu.' two tLinilalileA are jmivliiMl with short aectlon of track 
eonnr*rtrd with » ihird central tiack wbiiv^ the empty cars are 
etallc^l uhUe Awalt'mg to be funned into tniiris. Only one turn- 
table mny be ustd for forming the front of the embankment, 
whib^ tX l* widened by dMinping ihe mnterijds directly from the 
car? Htflinling on the traekii, 'V)m* arrangrim^nt of the tumtnble 
and tracks in this ra«e i» a4iniiii|]lixhiHl in thi- marner indicatetl 
b F1|^. 1&5 and t(>6 

These various methods, although eonve-nient for narrow-gauge 
irackfi, are not con^*enit!r[lt wh(>n tije heavy i^sirv of the; ordiJiaiy 
railroad tj^pe are eni|il^ye(l- The turntable must atlvane*? oon- 
Unuoudy^ it« weight incToa±i^is with the capacity of the ears 
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uant ^^ il must be runktn'fHl ofb-twr. AnoUwrr uiromTnimtv 
Is that tlirs? heavy t^miUiMrx nnu^t 3Jw«}':# reniftin At (lie 
mcMt ai]vmxinp(l jiortiori of thi- m-w1y built vmbtiDkinimi. jiai 
on to|> of the idopr <>f tli4> tlunip, vclwrtt Uw e*rtb b m lo«^ 
IhiLt il can hvdly tt^ivl tli^^ir lAvigtit Atid tg liablo lo rinfc tr 
Blide Honii, tbtu ftnmiin^ all tlie ijix>rl:. Bttncles, dtunping Kk 
can b this w&y r«quiR« euonuoiu timCf owLiig u> ihe f£A 




that tljf^ car« miiAt bn detachcil, one at a t!mr, brought ii^<t 
tlic plaironii arid dumpcrl^ lUuX thun nhifUHl back on Ihc jirtiprr 
Lnurk. Thpw various oiicrations involvv ii grrjit dr^l of tinu^ 
AiuA cx[M'Tif«c, tx^cnuw iM^vrrnl mim iiii<l bursftt mii;*t U» on]ii">)^i 
in lismdliiL^ ttif- <.m[i4 ;ind forthing Hii.* tnnii-H. r»EL-«-(|itr-nfly ^ucb 
n iiu'thoil i)f fnnning nmbrinkmi-nt.** fiJunild Iw jtl;&fiilcii>*%t vk" 
tlw t'xoavuti^n is nmilr by pov^irful iixiithliM^ ami \h(* <arth 
i« iiauU-il by tmlinary niHruiui-tjirs nitiniiig on HtantlArd-gM^^ 
trat^kji, jind Ibe following !<y&U'm will be fouint tben rnore caD| 
vcnient. jjH 

Alorp; th(* longUiidliiftl axis of the ro&d ie conittnictf^l s tre*^" 
with Iht' iracki* at Tlio plane of tlur lop of the enibankni^iii whVA 
it 1ft propot^d to coiLEttruct. ri>oii ihU track run iho cum thtf 
an^ imloaJe^l by niachimv ^^*-^ ^be earth fallfl biJow aiul uround 
the ireetle wliich wUl forra iho backbone of the c-mlMnknwnIL 
The coet of the conetructioD of the IrE^tle b conipm^tnl Lx 
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by llw ra|>i<iUy i^'Uh which th« wnbHTikiiKTii can l>c ooiulnicte^l, 
by not n^iiKtviiiK iVf Irn^k^r wtui^h otluTwictt* will h(y n>[uircd, uncj 
bvcaii^A U Jill<m'ii tlwf (inlfMulmj^ of thi* ciirn by maeliuic. 

Tlu> unlriAtliii;; r>f iIk* mrt« of iht- (l^litmry niilmad type can 
U< ilurii* by IuukI or by niiu^hlrtc, lU^ruMin^ ut llti- fonu of the cars 
u^ for luuiliiis pLirpoM*0. Tlie ruo^ coiiimoniy employed arc 
liw j;omlob- iLO'l jplatfomi-cars ami the JarRe variety of Juiupjnit- 
core aln'aily <l<»-*cTibt"[l. 

The gonilola-cara alone an? dumped by hand. In such a 
ca« tbo laboms travel irilh the train, a gang on e.a?h car, the nuin- 
bei of men in each gang (Jr|xriding ui>on thf limp thr lonomotive 
b allowc^i to alop. In ihfr construction of new ciiibcmkniienlA it 
ia more cooveiiient to fonn the train with the locomotive at the 
rear piuthing thf train inMcail of pulling it: but wht*n the train 
ia runnii^ on the main track, it is uidiffLMcnt whether the loto- 
Riotive is at the front or rear. ViThco the train haa reached the 
dunipiiig-placr- ihi' men mtuivr Xhr Iniard nt the side of thy car, 
ftod thuA a giriit tlt^t of niiit(ri[d will fall, vrhile with !(hiivel4 
14 hastily throvni down the rf^iiminiW. Thr IniiEi ihi]^ iinhmdeil 
U brought back to the excavution to )ye lo^ultul iigiun. But the 
ttmt nf nnUinding m;i[«-mlN by h^uid n vrry rx|iinisiv(^, and it 
u umhI otdy in c'oniir*etion with t^xnivalifin^ of Hinidl ijuantitiest 
of vartti. 

Thr dump1n^:«rx of xhr Oixidwin !ind *)tbi*r (v^H-st are cer- 
tainly very eonvenu*in ami ou^ily haiidUil, but iht»y are vot^' 
^expwttdw, and tht conifdicatal part,* forming the dumpiafc iirran^ 
^bent ea-Hily pet out of order^ fiai^ecially when roufthly handled, as it 
^^ \n connection with the excavation, in which the car hiis on many 
I occa^ktiiB to Bland the jj?rkfl and stridnfl of the excavators. For 
I tbe^ reaaons tlie duinpinfi-cars of large capacity are very seldom 
xii*r<l in works of excavation. 

I'jigincers aiid conlractora prefer to haul the excavated mate- 

fiala on the ordinriry platforni-curs used on raiiroada, an<l the 

ureal ailvanta^fe of their eniployinent i$ that they can be unloaded 

by machine. The sitnplcHt mac^hinc for unloading trains con- 

of a plow of large dinicn^ion^ renting on the platform of the 
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car, AJkd it ia locfttrti itt tltc n;ar rnd or titc train. Tbu pbw 
lies! lo oiw PtiJ nf a vtm n»(ir wImm* olher rml i* fixwl tw tlie ti 

locimiotivi' lA (letachnl mid Hlimly imivvil .-iwiiv from llir trail 
ll aiJ] (Iniw the ^in- nT|H-, nml tlii* plitH hill tir jiullrtl lo tl 
fmril of the tra'mj in |ta.-^ifBK nli>iif^ Ibi; pEnlfonii iL will rlv^r it 
of all thp n^at^^riaK **1iieJi uill fall on tlic gnmml. U*!vn IJ** 
Iraitt hjbif 1i«^n tlms uiiWileil, ibe IvMruEiiolivt* will tuurk u]i, llur 
plow will be brought lo ita fomu-r ]x«ilIoa, the locoiuotive attarbid 
again lo ibe trttin. and ihia will Ik> moved to the poini of exriLvatio^^H 
it} )v» l^vuU'il jigaiii Although X\ua maimer of dumpiiij; U vif^^ 
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fliniple and preferable to any o(her, }tI it invoKrj* a wawte ot lii 
in The perfnnna tirr* of llir vxmniw ojH-ntttmut, n*|MTially in 
tai'hin^ nriil iitnvin^ thi'lnniiiLOlivf*; hi^viiid lJi»*Ht* ]ni»f]Vi*ni@n«^a9? 
diffrrx'iil tiiacMiirh linvi* \H'i-n ilfvifaHl. Tlii? tount rirtn-vnienj 
ni:tchiniMt^*ilfi>riiTdfia'lingihE*(?an«i»therapulunlon<lerr illustrat^H 
in F(g HI", |mt^»llll'^l ami built hy the [.idgerwocxl Manuftuntmap 
Compon>'- ThU cfinsisb* of a [^loa- of large dimensiom placfil at 
rear end of the laM car of ihe loatled train and renting upon 
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I^aUomi or tlif CUT, Lli^ vntlth of rk- ]>lo«- lacing pqual to Uial of 
Uie cat*. Tlw jiJiw It aiiarlicil to u vf Irf- n>|ic which i» cf.minipmlfHi 
by a ftififiti'-finjiu r^^vi-rsibl** engine lf>rjil<^l Ht thf* fntnl. rtid nf tlic 
fij^t car di»4- to tluT EufOElu;ti^v. By |iiilUiig thr' rngiiur into 
gKir thr ilmiii nevolvt^ nml winiU tW n>[ie whHi will |iu11 tlir 
plow. Hiw, ill Hlidiiig ui>f'n iJi*^ |>lhifonrij< of ihr rar*, wlmh hi* 
toade fiofitlniioat liy ^Ie^1 A[imiiw, jruIlM hll lh^ r;irlh oiil uf ihC' 
ear, atnl it will form ilie eutb^inkiruftit. Plowd an? made to dimip 
either to ifte righl or t^^fl side, or on both eidi?s simullancoudly, 
and then they jin? |>rTivitlcd wilh Ihe point at i-he center. To 
prevent the plow from running out of the cars it is guided by 
mean^ of sniaJI xTrtical pieces of liniber inserted verticiilly ah>ng 
the eitte* of the cant juid n fi.'w fctt spart. The Iworini.ivT pro- 
viiIm Ih^ «lej*in to th^ erigine, which cxerU n direj^T puU on lh« 
cable of 2d ton^ sind <Lrau'« In the mine ul a gp^d of 125 ft, per 
lainutc. I'hi' n»LnuritrlLnvrM duim thut ihe onliro net of [=1ritigiiig 
tbe calil<«, frvtciLiii^ tliL^rn t^» tiK' phm, tin: truin nmiiing i% imla 
t4> (be poitkl of dumping, Iht* pitmiig ufT of tho load, luid ihe re- 
tumiits to the point of titiirting, rcHfuiir^ nbout twcrty uiiniitcs* 
Hia eOfTCClocw? ot their gt^Lt^riurnl hiw been provTd on many 
occaMocu! on Itic worlcs of the Dduwurc aud Huibon CauM 
CompAnr'tt milrotid. 





CHAPTER XXlh 
SnnDJKAGE OF hlKKTH; COST OP EARTimT»nE- 

T\' rerofwinR eartli from its natural bed the <iiyho»\on of iti 
[mriiclc*ft h Ueetroyed aiici conseciueDtly it will occupy bii 
gputTK. Tu vohime iucrpaeefi according lo tlic nature of ili^ *oil 
8t>: v.'ta ftxplaired on p. 13*. When the eanh is dc>pOKitrfl 
f^rtibiinkiiwiilft at fii^l it remains loose for some tinier bat in \^€n^ ■* 
encc of huimiUty ajid uiuler prt?B8ure tJie particlea are oonipwclwi— -' 
so M to peaurne a small dcgmc of cohoeion. This |>r«KLucc« ihc:^^ 
phcnomwion of fihrinkafic, and more curth is nx|uired in ihc cni— ''^ 
bankmi^nt? if Iht^y have been conwlructcd to a givra level. 

The Bhrmkn^' of earth liaa been v&rioualy cfliniAtod bj' ^"^ 
diffCTcnt autliont- J^rof, Johnson. lor inatance, U of t!jp <^]>inior] -^ 
thai cftrtli will shrink Ifij i>cr cent., while Mr. II. !\ (tilh-tu^ sutrt ^ 
that it will not fihnnk more than 2 or It per cent. It is a ^ttt ^ 
ilifTienlt tawk lo leduce to a constant coefficient the ahriiikage <>f 
(?jirthM, M[iee it depends upon so many eircumatance** wliirh are "^ 
very variable iind ivich vur of whirh ^thouhl b<r tidveii inii* poh- 
sideration. The principal enuj*iejii, )i<iu'evtT, tmiLing to alti^ the 
shrinkage of (he rjirths urr: \\\<* imlntT' ttt (hp m^iI, l^ie condition 
of the weather ihinriK \^hii-h (hi- ('tiilmnkMMTlK nre fomied, and 
the manner in whirh \\m- riiibankin<*RU am bnih. 

Soils when phicinl in r'lnlmnktTir'nfH >hnnk in a different wsy. 
according to ihrir ntriipofillidn. Tn ^iiirral it can he nsiAd that 
the shrinkftgi^ ht inversely pmponional to the k;OM*ne«e of tbf 
soil. TIte liMjsi'r u aoU ia in m mitund hed^ the faitnlkr will ht iU 
ahrinkaffe in the ombanknieui. This ^tAmlx (o reafon, M*hni 
a soil ift loow? its particles are not very done togi^tlter, vriih vott 
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bciwwn iW pHrtif^KH; uml miht Jt will i*w<^ll vny liltlr when ro- 

m»\Ttl it will sxUi} f\nmk vrry little when plumed in the embaiik^ 

ttwui .\]f*ti in till' c-nM' nf m. r'tmipm-l soil: In U»ing rr-Tncivnl ninny 

Voiils will Ih* fnniiHl luiil llic. innU'iih! will swell grenUv^ Jiml wln.*ii 

Ute (»ftrih is \>\\i on Uie enilmnkniPnt it will occupy n larg(T \-oluiTie 

Ulan ill lilt* cut, fliul it will Bbilnk ^really, <!u** to iJi*' i-losingof 

the \xjjUs. Tl^ tiJirinlcage of the t^inbn^ikoLeut depc'iiilu ulao uj>on 

tin* manner in which the cnibiinkment was formed. To prevent 

i^rinkaffe the embankments should be msuleof thin lAvera plawd 

Oiio above the other and the earth in each layer should be v-fll 

'^i«iime<L In ramming, the panicles of earth are driven Hoeer 

Uif^ther, thue leaving u Anudl niin^l>er of VDide^ and the fhrinkaf^ 

^"ill then be almost inseiiBible, ]*ut if the embankment is fonned 

^'y dumping the materiiil for thi.' M'hole hcifstit of Iho cmbank- 

■neiii, Dum^rous voids will br Irfl in tho miws. and thc>' will slowly 

w htled in under the nclicn of tin' prnwiiirp of thi? iraflic on the 

"Virfawr of tbc cTnbiuiknK'tif , nntl al^o on ficoount of tiic water, 

*"Kieh will tend lo t'tirry ^iovni iho purticltifl ol tJic cflrUi so el-^ lo 

^^U all th<- void$. There i» no doubt that in Auch a (!ftf*e tk' shrink- 

*8e of the embankment will hv ^rraf'T ihnn if thf i^mbmikiucnt 

^"^ IraJU in small layer?- one on top of the olhei'. A^am, if. bi 

"Uiiding the cmbanknitnij the road upon which llw mutc^riab? to 

be dumpM) for ilH iroiihlmdion ai-e haiilf^d i,^ kept ulwavflon llie 

■WiiP 5|K>t and advaitccd ukm^ the j^ame -ttraiiclit line, the earth 

^UuleriiC'^th thift portion of th< enjbankmt-rit will l>i^ well pre^^, 

*fhile at the aideM ihe caith will be looseer. If the road iasr^ad 

'^sid bteii shifted ccnlinuouj^iy from one *i<]e to another the earth 

*>il the enibankmcfit would be ec|ually and uniformly prewed 

^thout the net^esslty of rannning it. In such a ca«e the ^h^inkjlge 

*>l tV»r endvinli rn<*iit will \\e verv Miudl. 

Tilt' shrinkage of rrtrlli in newly eonstinieled ernbankmri;!:? 
^lM<iiiU al«i n]Hin thr- wealhfT in whirh they were liuill. ^^11*11 
wmstnieird in dry Wf-allier ih^y will slirink rnoit' Oian if built in 
a rainy M^aw-in, In «'nibankrni<nU eouHtriicled in preM^ncc of 
rain or water, the ftllln^ of the void* takes plaet* during conairuc- 
tioii, while if built in t\ry weather the voids are filled in afierward; 
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to tlie fofTiior ciwc the f^mbankmcnt wUl flhrink a fUtle, vfairt 
will >4mnk to a groal vxU*Qt m the Utt^r. 

YuT at) then reuocuf it eeenm fooiieh eveo to Atteo^it lo find 
oot a eortftAnt iiiatlirnuilicaJ cocRkrwnt for the nhrtnlrnr d 
rariOLw raibankiui*j)t«. But thc^t- b c\xti a worse rrror Uol ite 
wriu^r biu> founfJ xt^ry commoD in thi« coimtT^'. Many cootnet- 
or« imt) even eonic cnfcioccnf bdkvc tKftt the ^thrinkagc of caith 
U the ilccrvoM? of volumr of the rartti in Ihr natunl t»iL T!w 
TtKutwine imyri ibat vr)ic*r: thr earth » dug, 1 cu. yd> is rqual to 
I or to 0>I^33 cu. yvi. in pLncc; >'rt vrhcn nmclr mto cmbankmnri 
it griuliiJiJEy -<Li1uiii]», ^ttl4»< or »hriiikA into a lea» IjuJk tlun it 
Occu|iU-J Itpfonr bniiiK iluK. 

In iL f^rtairi lovrii of a c«rtAm country the aldemwn vm 
duriiwiriK till* |>roji-i^l iif o|>eiiiiii; a larKi? Htjuarif a^ an ii»jin>n<* 
irwiiL to lliv town; but tbr'v vvi^iv lK)t!ier«Ml by Ot^ rixt iif WtltiTg 
tbi^ pxr^nvatfil eartb, siiuv tbe dijmping-pl£.c«* waft at a gnflt di»- 
tAiii*^, One of the aldprnieiL [jro|ioseil lo so\ve (be problem b^ 
opening a. large holp in the tenter of the w^uare and dumping then 
all iho oarth to be excavated. For many years thig story hai 
none around, aniuaiiig the crowds, but the wiiiGr thiiiks now thBi 
th^ aldennan must have been a very good engiaeer. In fact^ If 
earth cf th'.i f|ijalily of puddl(^d clay, aecorcling to Trautwine, 
Bhrinkfi 2H per r<*Tit.» by making the ho]« larg? enouglV, the &&r\h 
piU bat^k would have occupied one-quarter leas of/ iha fonaer 
flpace, and consequenily would have left room enough for ihi 
dumping of that required for the square. It seema ridirvdottf, bat 
it iit a infLit^T seriously diiiriigscd in many books^ 

Shrinkage nhouhl not bt* calcnUli**! in pro^icirttun to the earth 
in the rui but on ibi- iiewly built <'iiihiiiikfm»iit. Tlw mbialt 
arispg trom the rllatln^*r of ndeulutiTig earthwork* which le com 
monly eruplo>^d : tliat S», hy lolliiiff tlie wagons hauling the «>&rtl 
thai ha* b*'iU nlnnidy excavated, and conwijuj^nfly whoee \Xil 
umc htid boeii iacn^aned. It Is do wonder thai in the embank 
ment^ )t will aliriuk, a<>cordiiig to tlie figurea giv«!]i by tlic vanoo: 
authors. 
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TritutwitKr, Hnktr, Patlon, aiid maziy otbi-iii give for tliu 
jfthiiicageA of tlie various solU the foUo^ijig fj^^uti^i: 

Sand aD4 jethvpI ^ 8 percent. 

Gravelly clay from' « lo 10 " " 

Earth loftmnndsandYloam ' 10 to 12 " " 

PutldieU clflv and piiJdlcd soil, . , '* 20 to 26 " " 

Since th(> I'Hrtli in the* I'niliiuiknirnr will nhrlEik, the ofTpcl 1?^ 

ttnl tiip loj" of iJio (HriliitiikruHtl iifU-r a whili* will bo fo^md lU. ii 

t&wiCT Itvcl tliun )( "iw f^oiisiruyWuL To Ihivp tW rvirnl ut a 

f^tjuir^ii |>l3tli^ il «-oiilii Iw* ucrcssftry I'lllicr to buU<l ihr nribank- 

lUKit a lilllc hi^lKr than thp pirfpow^tl linrl of ihr* rou^l, or otlior* 

wi»e to romfirfi^ l)u> onrth duriiifi fho ri)nMlnir<tio]i of iho 

tOibonkriirDt so ii» tu prcvmit aTiv kirthrr .-iJiniilu^- In thc^ 

GODBtruction cf roilrourU tUo 1.'!TttuJ^lk[ILrnt^ ilr< buUt a ItUlc hi^lR-r 

than the pnipoiH'd ]>tiinf nf ihr rntui. I'jirh railmad Hfw a S[>fcml 

Set of labk'& givina; Uu: tiK'ix'a-"<' li; be uunk in the rmbiuikmeritd 

&s au aliovi-ancr for the Aliriiikngc, ainl thr* variour' diUi; arc given 

in pruportion to the various lipights of thr cmbankmciiU and 

iLTc-onling to the difformt material* entrring into their fomiatinni. 

The compn-JiMttn nf th*' earth ilunng the ron?«tnietioTi of the 

irnibaTikm4>nt van W mndr by bami ami by mtiebiiie, The tool 

U0e<l to mm tW fitrlh liy iLiiml Is tb<' mtriinf^r TbU eiirrKisrt;^ 

<rf A heavy Jarg*" pi' "^ wmid in (lie jshjijieof n fniwlnminf ji rnne 

surrounded by irui bniitU ami fixeil to a verliral handliv TIjp 
weight varies bKuemi 2fl aiml I'-S Uhc., and is "|»f-nilrd by a nwn 
wtio raises it and Ipts it fjdl mi tht earlli. When the s-irala of 
earth are ven- iMn, lu^, for inManee, 5 ur 6 in*, ihirk, ihry can 
be rammed verruTlI,aiul ih*' cokt will In* belwi^^n I aiul IJ c^ntd 
» per cubic vaM, an item which, idthoiiKli ver>' Kmall, ii»;CTinir* fair 
proportiT>ns in thfr c<aL#irueEioii of cridtankineiil^ of gn-aX length 
and height > 

The oomprcwion of tbf varioit.'^ pnrticle5 of earth t« fibtaiiicd 
also in a more economical ivay hy iiican? «f rollers. TIk^s^t, nccord- 
ing lo rixc an<l veicht, cfin he divutcd into hand-rollcnf and 
loUera moxTd bv hor*-:! and -Hicani, 
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lUod-ftAlen coaeiet of an inm rviindrr abuQt 2} ft. ! 
ftod pro^HtJed vrtth ad axle to vfakfa b oiiAcboI « I 
ifl cperaied by a miui who pushes it tAtr the mrth, And on acccuac 
of lis ircigbl it lentlfl to coraprae the earth and to f3l in 
of tlie votda that wttc left in ihc num. But th^ rfficimo'i 
thf^ baAd-roUer ia ven* snail id n^ganl tx>!b to tJip pi 
exertod and tbe quantity of woilc done m a day. 

|{o]trB dragged by bcratt are ranre powmful, and (*iin!«*<|urcUv 
mom commonly eoi|ilo>pd. Ttiev are MiuiUr ttt U** tuuiil-mll^^ 
QXrcpt that ikty dXt of targer diiupnaiofiA, Ikmi^ fnim 6 In 7 fl^ 
lon^ ami afwul 3 ^. m diampt^r. ^afts am alt^rhed in Mime 
way to the ndi- of thr miliar h* that il may he dnggpil by 
or tWD htjTw.v- To avoid iiniHmffary pITort iii tlie aiiiinal^ 
nMrting iilvcliu'l*^ Jind in imU-r ro rawilY oviTTonie iJieni llw roll 
tiwU'wl of Iv^iig iiijuti- of only our iron c}ibMli>r, n mad^ up of 
tlim* ur miin- diM^iijiHH'li-d pircfv, Thnw lolerv urp wrv 
CtPtit on lu-TOunl of ihi'tr ve-i^hl; lli^y cunipniM lh«' i^rlli v< 
w«Q, and aiiiee ilie tiorMit dniK^rig ilu* roUrr tiwy travrl fmni 
15 to :>0 niilPN ]w*r djLv, the aniouni of ibi^r vctk will be l5x52ttH 
X6-47o,200 sHf it., or alxnil 10 acnrsi of nirfaoa of ll» emban)^ 
nK'nt wlion po^iig only onoc oii ilie kiuiu> K|)0t, or 5 «cn« if piiA^iij 
twice, and ^i on. Thfr Cfi^t ol tZir- ^i^rk is ftlvvvi by Tb« djuly 
fX'iiifOtfof hiring a T^jim of horw^. including; ihc^'afp^of tbi* dm 
whirli, ii<!iv>rdinp to the locaIit>., n»ay von' from Ef^it* to S5-0U. 
di^'iitiii^ ihi^ qiiantfty by ibo total aniount oi earth (nmipn 
In a day, f^vtnt vithor in eiil>ic yards, or io »)uar& yimte of 
surface of tbe enibunkmeiit. 

Ptollera for cornprc^eing tbr earlb arc also nude of very 
dtDieOBionfi and an* opcTfltH byet^am^ Since tbe»e wigft !x-\ 
ton»<, it IB dan^roiiM to ba^'c tl^cm ran on nc^ly fonm^ mi 
meniSf except in caw the roads haw either city or nati 
importance. 

The shrinkage of the earth in tlic embaiikmente <^nn tip 
jirevenU^il h} vcltiiig veil the farthfi wbilc llic efidmnkm 
are ccnstructed- lipecially if the work i« dare in tla* ilr\' 
water will have the i<anic effect aa lain. It ynH carry ilowu 
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pinall pBrticK-? of mati-riaJ to till In the vokIb confainrd in the 
wWlr tixiKy. The Miiiillrr llic iiumixr of voula left ihc- mcrf hi- 
iensil*l(! ^vill W Ihe shrinkage of iht cmbiinkiiiait after it haa 
bd-ii erjiLAtructE^d. 

Wlu-ri The carlhworks arr ncjirly completed, the cuts nmd^r 

uhi the (■ril>aiikiiients conslmclei;!, it is nr€r»ary to rptiue** the 

bed of llic roftii aiul ihf j^!o[i*'."* Ui a smnoth Mirlnrr, Thiw work 

E* usually iloitp by menrus of u t*linvrt arul nil the jimjfctioiis re»- 

niovieii and th^ iivitmnU ir^'fl in filling ii|i llir nil-t iiriil i\\\ eavl- 

lj<9 along thrr |ilarfonii i>f ihr ro:iiL In |H>r[i(iiiK of xhv waA, 

lfai>JU^h trvnrhfv, tin* i*Ar1.h ii'iinivcil in mrrit^l mwrv, buL the 

mrth rriTKfvi^d for Irvflin^ up thf to|i of ilu* riiil>i»ikriii<rit is thrown 

along thr s!oi)f. The fltit form of ihc r<inil la wiliu'tnl f« ^ |ihuie 

^y healing it up with the fiatlenwJ ponicn of the shovfJ, or other*- 

viwe with a piepp of plank to which a haiuUe is atCaehe<L Thl» 

* raiaeil up antl let fall on top of the earth, ami in this way it levels 
^f? earth ani:! reducea it lo a emouth surface. But the work 
^t m^n IB dovr, mnc& they rannot lovel up tuore fhan 250 e<.i yds. 

* day, and ^ilh I'oads of ffreut length this siuall item will aniouiit 
^* a great deal of moneys Tfien it will be more cotivf-tii^Tnl lo 
P*Hde the surface of the roads bv uiachine. The gra^iera useil Hie 
thoat? deacribed on p, 103^ and they are very elfieient, and the 
miount of work that lhc>' can do In a day ie easily calculaled, 
Aepcndinjc upon the width of the blade and the distanee Iravcled 
^ the horacA in iv (iay. Tht^ cost of the running exprnses \s 
fEtven by Uic costt of hiring a leaiu of horw*a» including the wagea 
*>f the driver wid the wage^ of an o|4rator» and dividiitg thia 
■um by the total area graded in a day. When Ihe !«urftioc 
^f the road prescnia arveral irregulariliea the hladr not only 
^tita, but Ciurics away the material lo be depoeiteil wlier* il in 
br<ed«d. 

It U wry eoiivenieiit to have the ^o]>ei4 of the emhaukTnent 
•OtkieiL but since such an operation will l>e very cxpens^iw it will 
&ot he allovrcd except in coniietliou with tlie eoni^iruetiou of lliv 
hifthvaya through nti^s. To |>rr^TV*- the f^o\y^ of five eni1>aiik'* 
iiiont« it will be mnvcrijriit to dig up the \Tgetable gronml, and, 
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iQBl^aid of ueins it id Uic BlUnp*. to lay it nM(t to bo used ilb^ 
vinTKU dfiTradinf; it ngain on i])p (Jopi^ afitr Ihe cinli«uikm.'nlf 
have boen constructed. This ferlile vegfttibU' ier<>und wtil It 
Bewlrd fljui wrt, oml tho rocrta of Uk» plants thai will jcrfiw mtii 
fonii a cover lo tlic slopes, prcviriitinf; i\%m tdiiliii^. SucJi 411 
operation requinw two different kindft of ivork: liral Ijiyitij; OHci* 
Ihe\'ei5clftble ground aiul then npreadiiig ilmon ihv »lo|)f0. For 
the firi^t operation ut rt^^iiml from .2 to Ji of an hours wor^ ^>t 
ejicli »*|UaR' riinl of fluri^ee, and for the (fn^rejulli^g of the t^itth 
.ilon^ the ^lopcTs from .3 to A5; and, acconling to the qmlity<)( 
lliL^ s^oil for thf? tvro operulions w31 ho nK|iiireicI from § lo J cl 
an hour [kt wich shiiuit' yanl, and the ctnl «f ihr [w<» (ijn-ntiotii 
loi^Hiii^r will lie fnnn .OTjI lo .07-1 A% when A t* i\w dmiy wa|;p flf 
laUirnrB ami they work l«ni hoiim jht day, Tlirsp itala nrr gutd 
for Hl{]|>e.4 G fL high, but with hiifbi*r hUi|i»-3 Ihow quatihtii^ 
Ib- inrn-iiMHi oiie-ttnth for I'verv fi fU 
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The various implenienU for tlu^ excavation and Kauhng of 
tho nknterial:*, together with the eJenteiUr?* for cilciilAlinf Hit corf 
of the unit of vnhiitH.' of thr W(jrk, hnvr* lieea rxjilained ift 
Uur [irec^'iiing clmijli.^ni. Bi'forr ehmiiiK this nniall revieiv df 
4'iLrtliwcirbt it i^ u**rtvtmry to devot*' & frw vnynU to ihft ruaJ ta$i 
of the work- Then' ii* n^i donlil tTifit th<- iiw>ftt importnal item 
Ui he eortsiderni in llv* crdciilalion <if the re^il ea*t of the woik 
iif the etwi of *"xeavalinR and hatihofr ihi- unit of voluiw* of ilif 
earth, Iml thi^re «fe othpr iiems whieh iiliouhl not be ffiTgotlwi, 
f)!!!!'!"^!^** llie ci3nrniet<ir will find in the cnj ;i hiw when^ lif li>il 
expected to reeeive n fidr profit. 

The variona items lo be eoiisiderpd art* as f<ilLowb: 

1st. The reft] eot-t of the work don*' inlhiT by men 
machines and hauled according to the vari^ni* niaiuierfi 
explained' 

2i\. The gi^TUT:d ex|)e!i^i<;<, Including jaiporintUldftDre, book- 
kpei>ing, traveling expeni^e*, •tc. 
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3(L The iin«*r*«l o( ihi? capital at tiaml, which is neovA^arv for 
cftfTvliifl out the work with success, as well m the premUuii for 
Xlii^ \x>n<\ f^vefi Q£ ^aranlce cf the c<>nirairt> 

4lh. The aoeklcnu which are liaWe to happen to mon suvl 
]wnrperiirt« in iho ecaslruclion of the worV, anJ for which the ccm- 
trftcior may Ix- M<X rwpomihle- 

5Ui. Tlio profit of ihe eortractor. 

l!rt> In Dmrly evQTy chapter ilealing wiih the various methods 
of excnvatini* and havillng the materials has boon &\\'n the cost 
of ihr iinil of volume of the work as cie*hiccti ironi the workiiif^ 
cxpoviefi. Hut this Is not the only item to be congitlcred, eince, 
acnonhn£ to wluit v^as explained in speaking of the work of the 
RiArhirMV, llje coel of Ihe unit of volume of the work should be 
inrn-a««Ml by sonie other quantilie*. as the inti^^rc^t of thtr capital 
invej^Kvl in the nmdune, the repairing, and the aln king- fund. 

Thiif, for in^tdiicv, the cost of removing the unit of volum«^ 
of I'futh by means of a *teani-*hovel will be gwxn by (he ilaily ruii- 
lung exj^eijses cf the aiaehine liividcil by its efficiency. To this, 
however, should \ye iidd(*d a quotit for rrpuiririg, intenvt, and 
sinking-fund. oblnirM'il by divuliiig lli'is Mjm by \\iv total eiibic 
yards of earth rL^rnoved iu ii mtr by i\ir wtitie mju'iiimv Tliese 
items will only r*'pn'sent. the rml riwL of rxravuiing the earth 
by me^ns of ihe sleam-^hovrl, Tn rr-gjird u> the hauling ihe cost 
(or the unit of volume i« dedureii in iIk- sum** matmor If the 
earth \B r^movoJ by trainit nmnliijz on f^tuculHrd-gituge traekfff 
the tinit of vcft iJi deduced from tlu' daily ruTimiig expenses divided 
by tile hauled ^[tkwHity \n ii day, Al^n, in tliifl ca*e, to this iiora- 
ber a quota ehouid be fLdiled for the ropiiiring of the road» loco- 
motives, and cure, intorer^t of the eapitui invested in the railrDotJ, 
including aII the rollitiK-^^tock, Ix's^idi-n ilic (■inliing-fund. Thia 
quota is given by lh<nr various ilcnis divided by (he total quaji- 
tily of the matcnai hanleii in a yc:ir. These final items, repre- 
aentiiig the ecot of f^xeavatmg one and tiic eoc^t of haiiUng the 
other, will give the r<iil voxl M removing 1 cu. yd. of earth in 
the piorticulikr au-^i contidvu^d. 

Tbt cort of the unit of volume iliue obtoiiKKl> multiphed by 
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Uic totol quantity of ()t^ work as ph-on by the cAk-uIntion of 
4*nrtKworkA, will tE&ve tlio t<rl»l umount of ooflt of Uk' niiolr woe 

2(1. Titer? AK other e?cpenW9 nhich. althou^ not direc 
rrquirrd for ihc ^xravution, vet arr m:cfK«inr for ibf (Uiveiiun 
IIk" work fUiil lo cnrry oh thr cotitmct in the mannrr oriliTMi by 
tlic i*|)Pcificat1orL'*. Tliftv iww cxiM*ji?r!S usually known aa gpiwja! 
f»x|)t'rirfl',»t» itir of lUfft-reiU kiiiiK 8(jini" wn' nH|Uiri*(l for tlw <iiji:c- 
lioEi iif llir uork, luul liK'hiile nil Nil^rtr.-i luul w^grjt of tfic mm 
whu HH' ilini'liiiij thr ^ork: Uif.<^^ ur<- tin- <-]i|<ii>ii'n<, !«ii|ii<rinlrjiii- 
eiite, fr«viiu*n, flc. To be included tn tlif gi'iH'riU t-\|M-iiw9i 
llhjj**- n't|i]ir(HL fur llie ttiltjiiitUtrAlJniip iiiduiliii^ IJniT-kif|N'r<, 
kt*4>|H^rSt dt-rlv-H, w^ifrltTnen, f>tLv, :ljiiI otli^ra i»f geiii'iid artier^ w 
ofRee rent, Hl?i1iinipry, cnrresiKnulent**^ traveling eKp^lisfH^ illu- 
m'tEuitioii of trf'iieli^x if 1hi.> vrorl; is done* U\ the dties or akvsg 
couiUry rondH, lHlv Sinc^ it woiilil bi* tod U<diuu» Mid ainnrt 
iniposBible to nccuruldy rnl(*idnU* for vM'h wikrk rill the pqvral 
PXpPtijin; ar^'onlirig lij thi* vrtrimw ili^Trw jiisl iii^itliotml, it 
curtoniury lo In;' iisiili* u njfu fur svirh ii |njr]Mi?M*. Tlw qumitiir, 
to be added lo ihc €usl of tlio w(irk A3< ^ivt'ii from piiragnipk I, 
"is variously Ciilculali?<J by iJio difr4^r<Tnt nulhon, but It ll not 
(TTealcr than oni*-tpmh of thy totwl ra*t previously fotind. 

M. Thr int<T(*j^l tt\ \\u- capita), nhlcU h is neETcsaaty to hftve 
hand, 80 II* to ('arry on Uw conlnwrl with a groat dtuccew, umi 
prciiiium fo U* |mid to ihi.^ company furnUtiinf; ttie liood, m 
iniportnnt itoiiiK lo l>e uontiidpiiHl in the caJculation of lh« rfrf 
eoi*l f)f tlir work. It is a eonunon practice for o\'CTy parly giving 
out roritnurto to require homla from the contraeior a^ a fjuarnaine 
of Ihr fiiltiliTU'nt of the comliiious jinpoaed upon liitu by tbe e\ 
rations, 'llio touU amount of the bond ehould not bo, as a 
prater than 20 por cent, of the total ainount o( (lie work. 
Ilie writer has knowlfrdge of ?ome contraflUi in which were re»|tt 
l>onib amounting to CO per cent, of the total co#t of Dvt: wxirk- 

4. KxcavatioDA arc daiigerouit works, imd notwitl»taft(i 
nil the iirccnulioiH whirh may be taken by en^inf^i? and 
trm'li^ifi, nrridciit;- tm- Ualilc to happen both lo n>cn and p 
The wurkiiici) are the ones tUat^ aa a rule, make up tlic Ibt 
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tlw vtRtitm if; any' work, IWne r»iitttiuoa-«Iy rx))o^d. ftnd it 
In till? duly lA thr rontraclor Ut I;*y iL-mU^ a .huiu f.>r rotnp<rr»sAtiiig 
Lhcflc aoci(k*iiU<, ami »i«U nil amotiiil ^bfiuld bo lukfn intc cor^ 
0i>)(TTtli<>it bi hNUif; thi^ rrd ruA oi Oir work. On onr section 
<*f ibcr N»-w Yofk aubway a ofniirju-lor vrith a grt-j*! politiciJ in- 
Rueiirr eoiptoytnl n Uwj'rr so fut to have him at Jifuid in any acci* 
tk-ul* titut lie could guUicr i^vidicnce in onler to ilHCirJu^Tnitr to 
tlie friemJly jud^n ihat tht- ^ccidrnl was caused pxirbiwvujy 
by Oii* vi<rtin*, and LliP contractor h only too i^iii^nrtis whi'u ht-. 
n-fuMfh to ^lit bun for damagefiL Thtstue are ahtjiiiiiiabit? nirjtru-s 
and no genlleinaJi irill havf- recoorsf to tliem nnilpj aiiy CHin-urii- 

Ill rrtiiuvin^ tlu' r»rr1i frotn its natural brd, tlie Mirroiiiiftiuj^ 
fifopptli^ff nn* lliiblr in Ih* lUmi^^ml I'ltlir-r 4iri nrcouril oi M.*lfli^ 
nient nf till? icTEHjiii) if tlir f-nrlh ix Lhjsh-, tjr otlirmiK' by the 
«V|i1oncm wbni ibr -toil Is kii liard In nH|nin- blitMling. To 
prpv«*»t IftiuUIid(*H, tb<> cut iif rlu" rurlU is sb<>rfd, but pven 
this diH-s jiiii HiTi'si ilip ?(cnliiiK t>f t!"' ^'H ivlir^n ilii' sail ia 
vt»n' lo<JW, i-:<jwm]ly ttlieu the tiuur of tiu- exntvuil(>n in lower 
than lbi> fotitidmion of the houses, n^ vrUl liapix'n pcHiap^ in 
rbibub-Ipbiii bi On' rr»n!*Truelion of tho sidiWHV* wIu-h' th*? i^oii 
will Iw^ v-'Hp' d'fcW- UJ Ih-.' line of the bulldini^ and tbi-lr biundjalous 
arv Ui|;lu-r than ibe Hoor of tbe subway. C^ntitruelorH niuxL l>o 
rvatly to pM- for lli«e ilflniasfs, and coiiwquemly iC vr\]\ Ijq von* 
vcnicnt U* Jay aside a suni to coni|>pii6iit(> them, find it should 
be ilpdu«^l<M| from the totaJ benefit. Th** inifjorlnnee of riucli 
m ttum tlopendti upon Ihe probabilities of tb<- dTUiiaffe^j that may 
occur during the work- But in regard to the danuw*^ there \» 
alwa>'^ li diwussioTi on tbe iMtrly \hnX i*^ re*]>f«jj'ible for them, 
nf>twiih»taf)diDg wliat the E<pM?ibcatitins vnU for, antl what wa« 
ajCTfeil to in the eontmct. 'I'huf, inv itt'^tnnn-, in the fourth 
pitt-'tioii of the subftiw b>r the New Vurk mpu! traii.-^il for the 
damages to the ffurroandiiif: pn>[x^rtio^ on m'l^onnt o( the great 
c^xploHion caused by ihe wholeiialc .^t*^friige "f dyrioniile, m» well os 
for the coibi)»M; of tbe IwnL^^r,'*, Xhr- eity i*hould have bt<>n bdd 
mpODaUjIc. CoD^oqucntly the conlractors ia auc-h a caw were 
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too l^«nt and too prompt to didter the city ragine^ ftt ll)eiri 
own «»xpoii«e. 

5, AnutWr important it^in to he nntfulcr^ id caUnilAUiii* 
iho coat oi x\vt? unit ol volume of Uw worfc is the contrActur' 
biMiclit. I'niil not lonje: »ffO. ivii'l in ^uw \>iact^ contintied 
to-cUy, in thn counto' I'untnurtorv wens only Uio Jigi^t« of 
rorixinUionif for which llu> vorics nvretloiie. Thi*wp iiicpntA, ciJI^tl. 
coulractor^, itttxi to ptoriM all the h1»or tuid nukWrM tt^mrvx^M 
(or the work for a com|*pnNtuoii ot 5, 7, li), or li5 per cent., accord-^' 
bi(t to lJii>ir pdJ with tbt^ rf>rix»rulion. Thin la a very co^' wii>^ 
of riuLkinff inoni^'y, an<l no womler that ec uumy ignoormita vrhcs 
bui) tilt' fortune of obt^ing aomi^ one of Ibeee contractd bccatu^sa 
xrry rirh, and were then ami arc fttill to-^y regarded a5 
contriioton*, 

('onlraclors. even according to our dictionary, are tbo^ 
bargain for a apcciticd suni to cxfcutt any work or cnterprL' 
of coiu^ulL^rnblc mfl^niludc. Contractors arc numiiig riakfi, niiVraC 
iiivefit capital in the purchoK- of ihc variotts niacbtnGs aja 
implf»[nf*n1:i for thr rxmi!ii>n f>f the *xirk, nnd r*!*^!^) tJicir tin^ 
anil int«-lligrnci< in inirr^iii^ mil tltr work to a Mirci'Ni, and con* 
M-ciutTitly thry nn^ rjilithd to a iH-nffit. It Lh a nrininion praclicc 
to conBidfT thr rntilTurlur'x lu-ncfil nl 15 jut cml. tjf ll»e total 
amount tit Mil* ivork, 1)Ul lIiik may Ih- I'lthrr Eihi bir^p- rir tf>o sniaJ] 
acconlin^ Ui th»? [riJi^iLittulf nf tia? work. It ^ill be loo lar^ a 
Im'ih^Ht whi-ri ihi* work uniomita lo *4^'«-r}i1 milEinn ilollare, aflil 
It will Ik* fiK) Mimll wlu-ri U tlutv not amount- bill w n few tboo- 
aaixl flollars. Therefor?, until a certain limit, the contmctor'a 
bciiottt »hoiUil bo inver^ly prn^wrfional to Ihe total aokount cf 
the work. 

Mr I'onsca, in hiffbook " rrontiiario di Slimn/' in pointing 
tJw error of allowing oontractore a Rx«4 pcrcvaitagi> of boncfi 
8UggeBt« a fi<fat9 of !x'i)«*Jit« varying with tlw magnitude of 
wx>rk in Uie following way: 
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These figures may be considered too small for American con- 
tractors, but the given percentage remaioing fixed and taking 
the numbers representing the total amount of the work ten 
\^nves greater than those given by Mr. Ponza, will have a standard 
Bcale of benefits to be considered fair and reasonable by any con- 
tractor in every counti^\ 
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Is tbp coostniction ol th» tnany tfaowands nf tiulMt ol nil- 
lOftda aJI mef the worM, It hae b««n nn-effiary 10 <*^«ttvat^ ui 
eBMIBOUfi quantity of r^rth. hut lhi> tnMKhfe juul ^tubftnkui^rti 
wvf9 03 narrov iwil Um* hm^ rxtcndrti lo euch ft gi«At knclb lIuL 
the work couM be fttt«ek«(J at n»ny points eimultaai^i^y 
Bowtf?, the esLith voa m> eaidly hiuxHcit lliat lfic?e «\trks ilki uol 
prrfrnt any Krrkiui tf^hnical diitioulty* But carth^-oris aa^uju'.'il 
A Krmt uii[x>rtiixfcre tn the conMructiosi ot the Liw ship-caniU 
built for rmtioQAl or intenuitiociAl fwrpoocs, TiKVir niaj^iitiaiiT 
vnttiiv hft^T Us^fi aru^Qtificiiliy direct^ bolh in ri^ci^t to the l!;jii 
antl COM, uui th^^y statui now aa mofliuineEile ul t'lipiuvniig ^ill. 
Mftoy of the rnarhincs aJready tk^cribcfl havt; beni invcutefl fir 
iiu|>rovetl for the con^tnieticn of the£>e c^mol^, ajmI in their exravu- 
tion cinltDAry earthwork has b«en ek*rateil to a swience. 

In condiutu^ this ^ttle re\iew of earthworks, hrii.-f ilrro^rifv 
tioiut of the f^ues. (^icago, MAnebefller, aiul I^uuuna ennoh nil) 
be giwn 90 dpriiieed fiom the works of l^atmn, Jklnrlelli ajul 
Ktabllini. UUl, and the volumes o( '' hlngunvring" of Lirniiui 
TliP three fonner earuil^ luii-e been sueccwrnUy conijilH^^i aid 
ojienEiJ to tnifUc. ihv \?^{ one, after many linanml liltBouIlM, 
will \ip brought to eoinplelion by the rriiteil r^tffi (iovenuntiL 

The Suez Catml, eut throu^i the UthinUB eonnt*eit3^ ^m 
with Africa, wa^ rontftniete<l in the yeats l&57-tS0 smAvr theiGrw- 
tion of Mr. tVdinantI 1> ],«»«p«. The tenj^h of ihe t^jisl b 
about 100 mili?^. and it eonnects Port Said on tho MtHliienBDnu 
with Simc on the Red Snt. The route of the canal 4k\iat<« sow- 
what from a stnughc line on account of utiJixinj; for o\er 20 niilis 
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^^nf^^T lakwt, catlf^l tW Bin^r l^alii^t. Two L-nj^i-tw'nioii* 
'err a^ioptfil ((.If thr cuJial; vrheii It la excavated iKmugb ^ud 
t day It luifl lliv folluving dinifiisioiuf: uiclth at wai«r-tiiirfac«* 
iW ft-, at iwlUmi 72 ff,, mwl dqilh 2fi ft. When the canal iraa 
lug through tbp lake's thv rnjss-scciifjn was 327 fi. wi<le at the 
ir;U4!r-6urfa<v>. 72 H, jiJ^ rlw- Ex^ttoni, sikI 26 ft. Jeep. The alopea 
wrp 2 to 1, pxtfcfit rhnjugh wal**r where they were 5 to L 

Tlw groiinil in girirrfll vnx^ flat and of very email elevation, 
mng on tin? avi^rn^' not inoro than ft ft, abovt> tho sea-l^^el. At 
hr« potntitt vk., Ch^ilrmi-, Scraptmm, and El Gui^r, for a total 

f[tli of :20 niiW Ihr Hrv.ai"inK mirhrd 50 anil 60 ft., so thai 
euttinjC of dei>(> trtn(!lR\H was n.'<(uirLMi, 

Fropi Port S^d and for a h^ngih of lo milo* the land h-jw ^T^y 
iat; it vraa low and subjecteil to luioa and la lh(^ flotKli* of the 
file River. Its elo%'ation was vot>' elow* to the lev<»l of the 
e&. The floU, however, waa compact, l>ciiif; compo»od of fine 
on^omerate sands and clays. The OixcavatioD of the c&nal 
hrou^ this low land was effceled hy means of eGiLKlred£08, 
rhkh dug their way ami the rcmovfd matonal waA depOHited 
n both B\dp» to form the levees on the edges of thi^ can^. Ttus 
nanncT of excavating <^analfl throujjh low lands hy dredging ha3 
leen ever eince succcaafuliy employed in similar works of great 
magnitude. 

In tutting trenchca of great height, a^ that isf ill Guiair, the 
rork at first waa done by hand and the material removed by 
jookcya currying on their ffiJc.'* mat ba;!keta filled with earthy 
then it wt« i\nl wirried hy ljLl>orer> <mi ha*krt» n^striig on their 
eadSi From 2.5,000 ti» 30,000 uini wrrc rin;>Io\<'d at times, and 
t OPC jJare Ihi-rc wr-ri' nKire tlirtJi UMM) donkryc*. Wlirii th« 
^wisui] UlHir ^yAli^m wlilrli pn-vallt-d at ihi; beginiiuLg ecjiM^d, 
lie enRinef-Ri dr-viMrd iiioie rapul and i-ctiiioiiiir srhpit«?< fur ihi- 
CKutnietiun of the canal. To elevate the niaU-nul from the bot- 
om of the canal to the levees the flying wlieelharrow was used. 
Oin«*tifnFfi H whs a xery convenient device^ but it wm soon abaji- 
OiuhL Belter results UTre obtaiiio.l fn>rji the Couvreux exeaval- 

nuchine, especially constructed by Mr. Couvrmjx on ih« 
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■nif I wwwf oo taw nnnag alooe tlir ^tifrmi: 
«C the arts etf the tmcL I& vkk oUwr c«m tir 
fafth ro haided a»»7 tjo cuv puttaj br c&ftim mov»l by a lEfd 
o^tt. The Jnt ip Ju clbn of ihese nscfaaiBs grraity hast^rueii 
Ap w a npfel iott of tfe qumL «> ihmt iIip totnl amount of tie 
voA ikne ia tlv iMt bur vvsrs «b» lkn« timM grenttf ths 
thp ««rfc tthirfa luwl bwft door m tbr |«mifiiig d^t )'eAfB. 

IV iaul MDootf nf MTth pinvmlnl m 74.000,003 coIk 
mrtc*^ «d thv CMt (if tlv cainl ecceedal IHWWO.OOCL Lib 
•BTotber gmi prD|Mrl,ih0FXt3i\'BiioiioCthe&unC&Qal met vith 
pnt oppOMlh w oC Tttiooi 80f1& It vnu pn^Un^HL tint iht 
cftBil ooee excavBt«d voidd to 8oe« Sttrd up uitli sand nnd nJt; 
that the Bin^r Uik» mu^i also tveome dtpcmu of Hult, ami llul 
no wcl w>ahl rak mvi^Ating the cukil; but all tbcaeobiKiioai 
ha%T nttrriy failed, Tbe lerhtunl and even tbe vfi^riK tmmciul 
diffiruliiP5 i^ lh« ectf'qjriao n-faich al tinwB havr tVTn>^i«ly threes 
nifd the vuecm of the ofxratioD m^ bappiJy ov-crcome. Ilie 
lar^ number of vrceda pamo^ every ytv Lhrou^ the caoit 
jJiTB^ly require it to be widened in enter to meet the Dceda xt 
rvoitncTce; Ifae fact that the traveUog <tistatico to Inrloi has beea 
vlioflriH^] o\*er thirty da^-E rtaixla dow oa the crouiuae glory d 
the gnat g^-Oiie of 1>^ L.ns'ptf. 

.\nothFT import^uit cn^neering work of more recent <ktc 
than the Sun Canal, and vrhich al^o inrolvcd an raonnouB araouat 
of eATth »nil rock eicavation. v.qs the Man^^hrater Ship C*iia], 
(uofiruelefl in the years ISS7-IMi3. TTic nty of Manchratcr ui 
Kngl^nd U Vkorhl-famed for it^ indti?trira and h&s L>cen ao be 
IBAnv wnn; i>MJ*tf Hnrr tl w.n.-s Jn-ady niunvnol f>r it* in<hii4jitf 
during the rvi^i of Edniml VI. IViiig m:i hijitui rily, it 1iicW 
^^ve^uent comtiiunir-ation vith tlm mmi for tJie IrnEu^iorialiDa 
" raw nia!i>mlT; mid jinnhicU of ihr fjirloriw, and wnc* 
V&S fett ihp ntt't^ty of ii nuiiil trj i^hiefa couU 




^^^^^KAiirLK* OF L.uKii! c.ak.u> zxc^Sfm^Soms. 343 

Hply |Mi»( l]w {aTYH'*t v<^-«i^lt, tniicliii^ ihr^ir OJirgo^ in ihc hoarl 
w ih** f^ilv- Bill, Willi ilu' tikinKhifliiiti of niilnuwU ihf nn^'MCMfv 
^£iuivitt^ i^jMV rrrniniitikinaliiEi ULiH KiiLiKfii'ii fur Jtwhil'* imtil with 
^k woDderfut lU'Toloitment of the cny tho |rTojoct of n )iui^ oiin&l 
^ulrtl iXMAi afmin lo tho aMrniicn of Iho nutlioni t(>!i "m ih*? yirar 
1877. li ^vaa Ihen carrfully etuJieJ in nil its tletsLla ruid the 
WMk began on Nov. tl, IS87- 

The MaTirhc^t4>r Ship C»nal, 35} milos \cn\fi, bpf^mt at Eastliam, 
near «ih1 opposiLo Liverpool on tho estuary of tlie Mcn^ey River 
and encb at Mode wheel in the clly of ^Anche^ter. The total 
longth of the Cjinal cnn be cHvuled into three soetioiifi, the first 
bMwM'ii FIfiMhain unH Kuncf»ni follQwing th*^ left short of tho 
f«luur>'; itio H^^^ntl Ix'Uvcen Kunconi iind Latchforcl is ft coiuil, 
and the thani l>rtuT*cn IjitcJiford and Mcineheetcr is an improve- 
ment oil tile rivirr .M(*n<f»y. I'hc minimum depth of The <^.i\nal 
is 26 ft., flTid the wnUh vui](<m; fur the jKirtioo betwtcii Mjmclie^^ter 
and Barton thr bottom vidih is 170 ft.; fmm IWton lo Kastiuuo 
the bottom width \a 124) ft. and %hii Ut\i width i:f 172 ft. 

Thr canid i.i provided with wvfrnl large loeks both at the 
cxtnnH^ ftiid nloinE the line, aiid p^iseiiiit ihrouish them the vessels 
ouy W T]Ui*ed to a height of f>05 ft. It Ia n .-«[>leLdi<l exnmplr 
of a navi|[ttbh- cjuial r^urhiiig Ingh eU-v:dioim. Puwiing throttgli 
a populated ilit^tricl it h cronHt^J coutlituoualy by wukU mid rml- 
nauhi which n-qilireii the eon ht ruction of iiumenmH drawbridK*^ 
TTm* loekri, bridges, and llie armn^eiuf^iitn for oj>em[tK th*^ hK'kh 
Atr \'ery iiiteri'^ting fiom an engineering^ jioitit of view, but ilo 
not entet, however, into the liriitt?^ of this iKxik. and «mtp1y an 
AceouDl of the pKcavntion of the eanal will be given here. 

Notuitfwtivniling in the exeiivjitiim "if the Srea (.'niml the con- 
Teoienci^ of exnivating low \ntuU liy me.itis i)f Kij-dredges which 
«lt their way while dtgipng llir* rnun) w:w elcarly (lemoiiAtrated, 
yet at Maoeh*"*irr ihi- wtuk liegaii with the exeavalirtn of tfie 
earth in a 'Iry wliit*-, Tl wii^ nnly in thi' ycjir 1^90, idler u frt^het 
bad broken tlir 1cvh*s sL(')Jurulinj{ ilu* b<Jttom of lIk» eaiud fnjm 
the river, that it was <teeiue<l rk-Airabh> to excavate the citniil by 
dredging. Since then fen ;)owerful ilrvdgea «xt& eniployinl In 
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iUa work, orw* of Uirm, ihp " MAnc1i«filcT," ha^ni^ a ctfidfvty 
of 850 tciw fHT luiiir Only 3,(W»n,000 ru yds, u-^re WPur i ■; 
by ilnnlginK, I'ltl Oir' rfiiinininfj: 5<l,(K)i>,ftlO w^rt dug by cotHiiiL/^ 
or int^nniltent exeavalors. 

For Ihe fxcavntton of the oarOi w(*r« 4tni|ilo>V(l 97 exifav'sl 
aR<l the material was hatiled away )>y 175 lucoinotivra ami 630t 
ciuv runiiinR on RUuidard-f^au^ traetuE whicli wvfrc^ ]<w*ate<l ^thn 
on the bottom or abnptide ibe e4if;e»of thectuiaJ. Th« pni>^ 
machines f-mployeJ were of two different typM» tlio ftl«ajn-«hQi^ 
or iifLV\7 and the eoDtinuoue ilown-'U^tii^ iiiAcliiuC!. 

TJie steam -flhavels employed were of ilifferenl |>a1len)d u^ 
sisee. Tlie Dunbar A Burton iiu\'\y, iIluatraM on p. 123, VM 
the moet extcnsWely employed nmehine in this nY>rk^ It^ e& 
ciency waa ta cxcnva(c and load about J 000 eu- yda. lA etftA 
per day at a co«t varying between ^\i< and t2Q, iacluding ihe 
wogea of n erw of 12 or 14 men for tlu' wr^-iec of tlic machine 
and trackfL Tlic eort of this machine wa? tooOO. Another typ^ 
of etcam-sbovel employed in the eonvtniction of the canal vu 
the Wilson, whieh. although much lifrlit^r than the Dunbar & 
Burton, ofTered t^nuv advantage]^ on account of being raouatcd 
rw a loeomotivr erane, and, conr»niH(*ritly, it eould .-nving: lo a 
eire|r> rxrjivMuig thi* rH,r1.h in rvriy difrrtum. It.-* cji{Jltcity 
a very hxw^ tsoW jnmumTrd tu (HH) eu- >il*. jwr <lny at a r«»l 
$18, ineluding thf? u'ri|C0Fi iif n rivw uf 14 men. Aiming tW hI 

shovels should 1m- itii'iilu 1 tlie Wlxitaker iut4-rinUteut eJic*- 

valor, whirb wjis inure (-riminuirnl than tliir two previous typf^ 
^ine^ lis eoHt wa^ only )400l1, bin ihe eapacity of tike tnarhini^ 
was aoniewhat le«s; it could not exea^'ate more than BOO eu. Ji^ 
of earth per day. Tlie great advautjtge nf tliU nuiebW Wiw thit 
it could work at will as a rrane or nti vw^xnUn, sinet* IhrdJuEJai^i 
»pp»ratu?« eonftUt<»d of !i ^ndiblng*lniekL-t wbirh r<iutd 1^ fltt^^H 
appliiiJ Hnd r<*nii)V»*d. 

M(irf' jiowerful than \\h^ p^u-ain-^hoveil or grabKiiijt'^wc^^^ 
apparjilust w«^re tlw eoiititiuouf dijiE^inj|!-niachlnes. Theee urt^^ 
of tM'o ilifferent pauern*. tlv French luid the (if^nnan Tlif^ 
riownwnni eontinuoas exeavntors, of Freiieb eoftBtruetioJi, "'^ 
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wilt on UiG sane priociplo bb the S«tre machiDe, Ulufilratcd on 
jt^VI?. Hie fKat<^Bl (rftiticncy obtatDfHl from Ihis iriAChtno wua 
\tES& CM. yds- in u toD^houTitay'a work, wliUe Uu* uverB^e <|uanliiy 
' ii eartli excavate<E wa» 1490 cu. yiU. iier day aL a cost of only 
' Hfi. Tlie fjccftvator c»f tln^ ISernuin lyi>«', buUt by the Lfi)>^ckcr 

llAchbriibau fSeAellwluft of Lu)>ef^k, ii^imany, wa^ HinilAr to 
I tile oue ijf French coiwlTUCtioii, iln' only diffttrenci? beicig Ihat tiip 

«>of eovering Ibi? ^tifci»^ ^'i*^ Ijoiler waa very widi^. The n^arhiiu^ 
[tlUHb oil ihifie ndls, lfyi\uiK >i» tlif rcui^r iVKjm huili^cIj W iIjh 
>lfiiek of tlie ears wliitli air loH<UHi with the excaval^d material;!. 
Surli an ajraiigement intn'Mjics tlie aolKiity of th^ machir* at 
vork and it \n handlF^l cH^ii-r. Jillhoiigh it8 weight was only 70 tonx, 
tt'liili- fiiat of Freiicli eaiigtrucni.>ii wan 80 tonn. The i*a|Mnrity of 
tht* G^nnAii down-djgglng Diacltine wu« 1400 m. yda. per day 
■to cost of tl5. 

Another important fngineerinf^ ^'crk eanstnirt^J in th^ laHt 
W fears, which De*^*iit!Lt*»d (he extflvatiou of a very largr- ijuan- 
^*y of «aHh and rock, wa« ihe (.liicjigo I)rmn»gv Cvnsl The 
^"J" WM rlrainod by Uie i)arr*iw Ftremij known as Chicapo 
"^^■**r, which emptied into Lake Michi|*aii, With the inereaticd 
P^>Ulalion of the city the quantity of wwa^e ii^rrcaeed, and the 
-''lOj^ro Kiver tjocanie Bcxja a center of infection. Since the water 
' t^ke >lichijEt>n was ufed a^ the onJy supply for the city, it 
'^ dccnicd too ilangcrous to have the lake continue to perfonn 
■* double <lutied of providing the pure water and receiving the 
'^^tigc- 1-ong a^o it wafl found convenient to lift the water 
t-lic <_'hif aE?5 Jtivcr and convey it into the lIUnoiA and Michigan 
**ail, from vrliLTe it found its way into the rivers beyond and 
''*«iiatdy into the Mi.-wisstjipi. Hut during freshets, when the 
ndfl db<«trranged the Ufting-ntru^hincs, the danger lemaincd ju^t 
^^^imic A.i htdrire. To ftt\\c tlie prfililnii in & pemuutent w^y 
"^Vn-H proi^Oivd to ofii'n a l^rgtr caind conrieefing Litkr Mifrhi* 
^^ Willi the Illinuia Rivi^r, and to rimfttnirt itie viiivii (if siK^h 
^*Xiww*liiim lis \u ]m* ii,**d nitt fmly kn draiimgi' pnr|H'>»* hot also 
** njivigAilon idler thi- iji*e*"w<iry coniw-ctiima wtn* nuuU*. Tliw 
^al ha» a.'«uiJu-U a nal Jonal i:ii|H]rtance, since it i& a part of the 
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great waterway rniinftiiEig l.lu* Pirrar, \.ii\it^ of America wiili 1^ 
MEh?ib«i[i|)I U]vi-|- nik[] liy il with llir Oulf of Mi.ixieo — a traUtiriT 
wliicli will ivvolutioiiiai" prrfiujb^ AititTK'sm c(nnmcrce, eepwiallf 

Tlie canal U 2>( niil<* lotip lk"tw<'<*n Uie 8oulh branch of lh# 
(icaKo Riv**p ni*ar Rolx^y StnnM to T^o^kpart, and it nuis abiHCl 
in a ^traifcht line. The €roM^M<(lioii mtoptoil wn« of two dtfTettat 
typ(«, varying ^vlth Xhn i\usi\\ty <jf tlio icui] t)iraugh which it vai 
excavated- AVh<^(i rofk wil* c'ncoiiiit(»r<'*! ihe croi«-«9ction ira 
prEu^ticolly a n^i^truj^lc lti(J ft. wuli« til th<* holtoin, \62 ix. Vkiifc 
oil t(ip, ori<l 22 ft, ile^p. Wlioji, bmloiLi), the canal was cut (hrou^rfi 
loo?<c «)U, a tftipf'EoiilHl or<X"w-m'Clit>ii wa^ rwUtjAis], having a boitcfn 
wiiilh of 2Ut2 fL and !*i<ii'-Tilo|«vi Imth filK»ve ntui Ix4tiw the vfalcr 
aurfttct* of 2 to 1. Tht* flrpth of I^av \sjtLrr m\p. kept at 22 ft., mn^l 
the canal had a icivp-n iiicluifttioa (*f I in 40,000, (x>fTi:spondinc 
to th(^ ilowinu velocity of walrr of nt-Hrly 2 ft. per sivonil thnni^ 
rartli, aiul a faJI uf 1 in 20^000, rorrw^Hniiltng lo a vrWiiy of 
water of nearly .t ft, per Becond thrmi;![b nick. 

Nf-ntly 40,000,000 m. yibi. "f iimlt-riEiU wi-re t'»rav«(iH!, i/ 
Ahicli 12,:m,O0O wiiv lock and 27,ii'l2,000rarlh, But tiifr (xm- 
vaiion proper diii iiuL iire«eiit any technical difficulty on Bccourrt 
of bi-iiiK only -'W ft. deep on tin* avera^, and the rxeavnt-'J 
inaterlalti were deposited in apoll-banbi alon^^idL* llnj <^g4v of 
the c^anal. The work ^an divided into 2S sections of about 1 mi1« 
each, end the work was done by different eontractora, ivho f-ni- 
ployed diflferent machines, both for exeavalion and baiilint; pur- 
poaefl, floitie of which were c*]>eciaUy designed and conslrucliHl for 
this work, while others were here applied for the 6rRt time in 
public worke. The work on the canal bej^D in July, 1802, and 
was completed m the year 1SU7. 

The greal importance that machines bad in the con^tructioa 
of the cannl can bo ea^ly deduced from the fact that at a period 
of usual activity the amount of pkni einployc^i along (he lioo 
waa eonsiilerod to l>c as follo^~s: 
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I SlciLm-eboTob. 33 

ft SK^aar- or air-pumpB* 85 

■ " " "drill* 243 I 

■ " " " hobiti. 75 

H Cliiinni4vr9 88 

H Air<omi>Tr»DT». 15 

H LocooKftivftt , . . 27 

■ Cw* BOO 

I Drr^ipw i7 

H Gfiuliii|[*niJirlmit» 10 

H S<t*jiTtilxi:ii.'<. 5 

I DutlL|»*Ht-ll1.VV 17 

I ODnveyoTH ^. 9S 

' Miuiy tii llii* iiiui'liitiiii ili'TcrilieHl Jn oUjm pjirU nf Uim liot>k 
liave lin*n <^iplt>^vi>i] [jr .-iiHn'lAlly cr^a^LriK^Lr'i] fur thin woHc. In 
ihi* rx**ftv«lH)n ihmu^li nn-k Uie <-hinuirU[tKH]tfir)i'mi\ which hjul 
twcri iinhI LUiliI ib'ti fur iiuurrylii^ jiur[io-t*'s. wiu* HiK^^cMfitlly iihc^iI 
here iiad Vf^^ for Ui« fii^t. t'liitt- eui|jto)fi) in public worLt. For 
the «xc»vatioa of ^nrtb iUp A'tviiiu sorupor wji» oMpccially di^irtgricit 
In unler to excftvatc i\w earth with n simpit* ftnil pow<*rful dcvic*-, 
utilizing thf} runiieroim cab1ewa>'s that were exteiifiiv«ly umhI for 
faftuliiiic pur|)0;^c«. 

On iu!count of ihe favorable conditions of the work, which the 
material cX4^ava^el^ in llie bottom of the canal wa« deposited on 
the waat^vbanks alongi^itle its c<lges, it was fountl coDveniont to 
cmi^oy different machines for hoisting and conveying tho cELrths, 
Thctte v,'^Te of three different typeti— The &tcol derrickii, the cable- 
waj0T and the cnnlilover ci^fiveyoiv. Mc^i^re, Smith and l-]a£tman 
of Cliicago. contractors for Section 14, employed derricks, some 
of them hting hxcd; others, inetc^d^ were of the traveling type. 
The latter were built on a plntfonii resting on a turntable, the 
whole being carried on a shifting track. The engine and boiler 
were ka-ated on ihc platform. 'Die ninst wus 100 ft. high, ami 
Iwo IvNJinA ivere eniploycl on each derrick whose length wa** 
lft4 ft. anil 155 iU rt^pcctivcly, lioUi tlic booiiLt and tlie mast 
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w*'rr <jf *U'<'I n»mforcv<l wi(h riTiw|on<^<?s aincl wire to( 
tici]r4Liii)fH«r]gini« i«w |>n)vt(I<>l vrilh fi>ur druHH, Ino for each hocffl, 
the itrRLngoiTH'Til \mtig i^iieh ihal oarh boont hancUixl iwo slip*— 
oiif" i]f*}x*iiiliiig ham fht- f^rnl, :in() thr* oth^r u\ toa>^ ^listanc*^ frccn 

lowmuK lt> ihi^ r}timl-h*d ami hoi^lin;[ ivnj tif>J>iiui; Ui>: 
wf^re |H*rrorni(*4L by the rnfcini^r nml in a rrpilAT Ar4|iionce. 
o|)4-ruti(^ii wtxA <!cnt liiiujiiii, bf't'auw* when twu of clii' ifLrpM 
onfi boom we«^ bomf; loaded, iIk- olhon* on the OHX**"'^ 
were beinf; dldehart^, and on its biding furuug muntlj 
op(>ralinnfl weiip r*>voreefL Tho di^rriekft were plftwd in foifs 
o})poait<.' l>n,fil<^ in euch a way a*^ to conuit&rul llic wholi* niiJl 
ihc workii4t Boction. l'>nm J2U lo 4W eu. y<U. of caith 
liiincllcd with these drrricka in a len-hour day's work. 

Tljr 1 nulgrr^-doil nw^vahlr c£i)^l(*wa>"j< «iTrp Uip hoisting- 
cynvcyiri(:-ijinehitiw exU^iMvrly iiii.*il Jii Xhf con*1n[<*tion i.>l tb? 
(liicu^ DrdiUkjEL' <^al. U was in lhi» ti^orlc that Ihc movnb^ 
ruhl*-^mys wrrr einfilnyr^lH "iid llity have fuIJy dnimivilniroJ llj.it 
tliL^y lire vry viUuahk' machint^A in the e?icavaiion of brp: canaU 
Thn tati-tower wa^ niount^Hl on a car ninnlniE along tkv edge «( 
the canal, wluk^ the track-n for llie heatl-tower vrcrrc plticird behind 
tlift wanU^haiik. tSince the total ileplh fjf the t^xeavalion of die 
c^aijjt! waa dividctl into three benches foUowing each othrt it 
Homi* distance, ao each front wafl servecj by a eableway. and ccat 
HPiUjeiitly they \vorked in batteries of tbre^ tablewayn eaii- 
Iii eoimection with the movable oiblewBys wa8 de^ isrd ifar 
aerial ihnnp whirh wa^ inv<»nt(nl by Mr, Charlw Ixjcki-r aiiit wliidi 
ifl alrtwty dr-Mcriln*!! nn p, 23fl- 

Th<' (■(Uililrvf-r (Miivrynn* u«^l for boi^tiiig ifcnd ronverkc 
thf^ inateriTdK fnan tht> liottfrrEi r>f the eAnal [a tht^ v:|Knl-basb 
wprf tin' Bniwii inac^hiiiej* de.Hi'rilH-il nji jf, 2nrj. Tlw triu*k« ti|iB 
which W4>n* nniiniif; r.ht? ijlutfoniij* su])[iortiug ih*' lowrr (o whidi 
th<» nmtth^vrr was fixed uvre pbu'ed near Ihe ed^e of tJw caraL 
1*li<» Bniwn e<mvHyors wtre working in bat(*Tie« in ihc «amp »sy 
as th^ inovTitjtP cabbwax-s, eaeh cn^ of Uwni aernujf thi^ wuA 
of one l;cneh, and ihev wen? movwl ns the wnrtt advane^d. 




Mr, I'ation *a>'* that there haa been ronsi'lerablc campelitlon 
bHwcen the infLtiiifncti]rrn< of the tvro machine?. It y^^s m)mitl<!fi 
Ihat tile cantilcAxr wus capable of handling .'^ jereaier i^uantily of 
laAtcrial in a day, but owin^ to ilf icrr-Ater eo^l it vra^ elainieil 
that Ihr r^filrw.i\-:< h;in-ll** ihc nmt<Tinl5 more eronomically, 

Tlir in'rntrrnnic caniil of Pflnjtma, c*till umirr cott?(tructtoii 
thrmiich tilt luirrciir i^lluiiur ^vhirli ilivKltTi 81111th [rum CVntr&l 
Am*TKvi, hx-i ^tn^vt^nied m many [lillinihieji thai the ivurk ha« 
bnni abandn^iril tunny timHA ami mmiy ttiiir^ laki-ji iiji Ji^uia^ 
AfU'j il t}mat;ht Unaoeial ruin to ihoiuiaiulfi of faiuilH-H, Mirnni^ 
lo tbe (imtnolore anri en^nerrH, ai>i:l caused a K^Mtiilnl iji whieh 
Hvre invoUeil t.liF numt prominent mvn of France' at lli-'il tiiiir, 
itfl flueccNs is nnw a^isuref), rine^^ it will lie mmpleTrd by the 1"iiu<hI 
f^^tee (lavemminit. All tla* Tronbin ejum^d hy flie riiihin? of the 
entef|>TMf? hii>; lH*nii unin^ly fLllrilmtnl hi Mr De l*'>*r'|i*i. who 
acted peTha[v« in inn^tncid fuilh, rt-lying rifi uiiwurthy rnrri, ami was 
mWlecl and niblx'il by j>o!iiiciHna_ But it eHmmt Ire suiid that \\e 
nndprwlinml^d ihe niHKr"l»idp of The vv'i>rl<, iIihI m» jiri'liniinnrx" 
aun^oy vtjm ma<ii* WioTf rh? M'ork T«*fffln, and thnl h(^ iliil not 
Accumldy «lui1y the pariictilar eondUions of llie w-ork, rK|»e- 
riaHy ui rr*nard lo the disposal of \niier during the rniny «!*a>«mK, 
The financial failure waa ehiffly due to the enonnoua priees piiid in 
salarii-i^ and ^^a^^ eepeeially at Ihe beginning of^ the work, in 
the GO£«ily and hi^h-prieeci ptunt rec|utred for the work, and Ui 
th".* llufds which, during tiiu niiiiy Kejwon, often in an hour 
dcvtnj.vod the work of niwny nionlhii jmd wurth millions of dollare, 

Aa usually hop|H'n» in any othfT preat <'nt*Tf>riw. also the 
Panama Canal aj^ iirojf^ti-d hy Dr l/^jf^^ps wa« wv^tcIv friticijsed 
bv nmnv enjclnee™. When, &.iX*T hundro<la of millionK of dollars 
were spent, il waw reaJi*(Hj that the work was 8till far from being 
comploteil, people [H*pLn to listen to the critics and tliu original 
plans w^f iTiodifinl- Mr. Dc l-eescpp, following the udvicc of an 
International Committee which met in Paris in Ihe year IS78, pro- 
posed to build an open sea-level canal, in which the stean-ier^ from 
Doe ocean could go liiroiieh ami ealer rJie olh<.T ocean without 
Lfie neceawty of stopping or U^iiig hixM in iheir course. The 
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plftTw \iTTi> iJtrrwju^i modified «o » to have a high, fcrri 
wiUi a jwtki4 of ktck^. Stich a ehiukgr vtm imgg0«t<^l in orkT Ic 
CmUly reduce ihe encTQ>oiu iiuantity of ifxcavatioii v,ii\vh riJI 
rMnamed to be done for the eon^rucliicin of the »ea-le^Tl nuul. 
T\m mellMxl wba adopted as a wheme to mmplole tin* enaiU t^^ 
tiMf limited mmm upoo ^hi«<h the romjttiiy could rdy, »\f^ 
tM{y after Ihe i^rvBt hnancial troubles in irbith it had b«cfl 
volwxl. Fof 80 many yvam th^ vrork has procceiled slowly 
this line. But now that the L&ltcd States Govcrament 
complete the canal, tt will be coavenictit to broadly diBCUW tk 
question of the Kupcriority of the high-i^vcl ovTr Ihr eca-Mi^ 
eamd. A fcir milhon d<^bint more or )cm docs ttot makt 10^ 
difFctmce »"ilh the Unitctl Stat<^ Go\Tmmcnl, ami now that ihr 
«o»t of tht* cAiinl is only a r[ue7<tioai of itecondar}' impoitaiicr, it 
■>vill hp convniiriil lo ttdt*' up njEain the <^iir^tion ancl «^ W 
\^Tohg wrr<' |jt7M']]» and tht» ineiiiWtv of iKc Int<:rnatiot:ial (Vu^ 
iitltli-r who n'Toiniiit-ntled a aeu-level caital. 

Acc^nling to the original proj^^rt, which thi> wriliT hopr* tl 
thi* Knttoil Sutefl Ctovpmmpnt v.\i\ I'xamim* ji^mri ln'fnrr pmrmi 
hiK wilh the wnrk, Lite caiml wa^ A^M iiiilr<s long, inrlttiiliig 2.44 
TiiiWftf hrenkw^ter mid a]>|ir(mehi'» ruid i(\ iiuIrM of itiliinil rtuial 
]l WgiiiA in Simon's Hay near Ihe city of Colon or Asijimwiill oa 
the Atlantic Ocean aiirl eiuls iiear ihe city erf Paniuiin on iha 
Pacific. Tlie iianiinuiri distance between these two cities b ooh 
CO kilrjmelent. but thr* canal ixok pmjerted with a lon^r miltr 
in order to takf' aiK-jirihigp of tlie two Hvers, ihe Chafip>« an^l !^ 
'Grande, which deMcerul t^iu-^inl th^ two oceans from the riilfr 
of mountiiiriK whii-h mn nkm^z; the iiithmus and in a direction |*f- 
pemlictilar to the |in>|mMf»<J hni.* of t!ie canal The Intenutkxiil 
CommillM^ fixt^i the ik^pth of ihe c*nid at :;7-8 ft. with a botlocn 
vndtU of T2 it., Uie Mopes IxnJig fixivl actfortlii^ lu the tiittHlJ 
cf the Moil encounlereJ, but the width at tlie lO|> of the aaifc 
wae to be 131 Ft. 

The work wa« diviiled into fi\'e ^ction«, wboMt len|Etli£ «il 
aino\rit of iiLulcnal to be excavated are given In the foUowiac 
tabic ; 
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The Brat nr!cUon lif^na ai the PxljozDe of tlie c!aiia1 ctu llie- 
AUaotic Ocean near Ihe cJly of Colon, and foUows tlie iiorilieni 
ibores nf Simon^s Way for nearly 3.1 miles. This portion of 
Uii' ean^l In cut thmiigh low rii»rshy l^ii)»i, cliic'Hy comprtTar'd of 
sum); iU height v»ri^ from :t to 6 ft. nl>ove Krii-level. Then thtt 
e«nii1 Uini« w^ittwanl Counnl the itil'-nor followirg fJie valley 
of tl«' CJj»gT<'!i RivfT wIhim' I'rHirs' iifti^n itiiiTaH-l.t, Ffjr ?i1! the 
k*n^]i tii i\\H viK'iM>ii llir 1:tml nnrciitis vrry Irjvi', iiiid towiinl Uie 
bitrnor tliR mil vnw roiiml e<iiTk|>n««i1 of Umin, with tlie ^-xccption 
of thrrt* Rtrmll [lorlioiu iTi which rurl; wns i-nt^nniti-rfJ. The 
ro*k nil* exoavati»d by blasting, while n(*arly nil ihc* exravfltion 
in thU wciion iva* ofTeci^d by dre^iging. DrotlRi** of diffon*iit 
types tt^re employed, and their efficiency vrtrie<i from rA\H) U> 
flQOO cu. jMie. per day. On account of the awful conditions of 
Xiw climate, which prevented coniinuoua work, the work ohtain<Kl 
(Tom the dredfiee never amounted to more than 4OO0 cu, yds. 
per day< The work in this eection has been completed long a^o. 

The second flection of the canal, lU,y5 miloa long, jmaeca 
through lands which slightly increase in elevation. It begins at 
nipariy 40 fl, above the level of the aeo, and rcacheii a height of 
14& ft. near the end of this section. The soil encomilotttl is ver>" 
Rfliatoot and comi>aet, but it was ea^^ily excavated by the inicr^ 
mittenl digging-mnchincs of the etcam-shovel type. Those em- 
ployee) in this section were of the Dunbar-Burlon palteni, ilhw- 
trated at p. 122, and the usual American Steam-shovel built iiy 
Uief>sgood Drctlge* o. of ,\lb:my, N, Y, All tcgclhcr l^machinei 
were employnl in this :<eclion> and ihc lotM miKrunt of work ob- 
Inliii-il by (hem was 130,000 cu. yds, per month. 



I 
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The ihird eection, only ti milcK lijnK, rniiiirw ti lolal excavation 
of 5S,00(>,00(I t-iL yik, niul it nrcfwiutod the culling of llic Obispo 
Ami F-ni|HTmti>r tlrvutioiift with Irwichcs 250 It, deep, 'Iht Obiap^ 
hill IH (oiiLpiimril Jmo^l riitmly of ImM rock, stlfMnntccl with 
stnitii i>f ilii'iTU<*jfr«l<>cl r(>rk. Ttuwc struts of loofr j«oU below xht 
rock oFu-11 iraitv-il ihi- bl^Urig of tht^ mirfacr? ^jil, htuWy iMfAjTxapi:^ 
ttu- work :t»ii pnjdi)i4ii|c nccidrnUi. In tlir KiiiihtjliWk rl^valHui 
tlic ^}il 1% iiliiii}fil nmi|>os(^I of dialiiti^iitci] riK'k, ii M>i] whirli oin 
Ih? t'xruvnli'il bv irmrliini* whlitJUt ii-counM^ ui lilAAfm^ In th- 
GOiintnirfiori tff lliif* j«*ition of itie canal wvrv piKjiloyn! i\ nin 
tiiiuouH iliggliig-imLcliiiieA, 4R Jniliiig-iiiHcliiiiffS, mul 6<i rnij 
for hoi>^tiiig tlie hlasfni ntckfl, 

Tlie fuurtli M'rtioh fif llii* ci\nn\ iiicljde^ the Cutebm ctit^ v 
will bi> the dc?ppi.*«t trench i^vvr exrttv«ted in the WKirld. It is 
2J inilt^^ long with ileptliM wddpnly vnrying between 200 and 
377 fi,. and it will n>*i\nn.* the pxravntioti of 35,100,000 cu. ycb. 
of Mrth. Tile mW \n lhL« sM^iion, dosw to tlio surface, waa can- 
[io«pd of rock, alt'TimU'tl with Ktrutji uf di>!irUrgrRte<l rock, luid 
the i^lrwta wvr* ven,' alipperj'. Such a fact, eepecitdly ou ht^inninK 
of the work, c»iiH?d enomiou* irotil)lc to ihe engineers. Hw cut* 
mode in the day wc^n? ofu-n fiXM up nt^im at ni^t, and Uu* Itrg^e 
quantity of wnU^r flowing rhnuigh lh(' TiY^nrtic^ during the raiijy 
season often wjwhrxi oiil thv cuU, citrrying uvay or undi^rminiiyt 
the hciivy rnaphinc**, Thlny-nint* contijuiouf cxcAvatora inctf 
employed in thi.-^ f<'ctif>n of rhc work, nnd iln* rxciivaled maU^dl 
was himled i4way by IM loconiotivtw luid 1,100 t^trs of 8 cu^ rdk 
cnpacity, bwdtrs 600 lip-t^an* of the Dccauvillc type of 2 cu- yds. 
each. 

The fifth ftcccion of tlif cimrd. S inilcj^ Inng, (^xtcmb from t 
Culchrft lull to Wit' Pacific Ocean, following the vallry of the Hi 
Grande. The *oiI ifc^'tcn^la continuously ton^inl ihf ocean, itn 
in ill*- ]wX G niiK'H il is only 10 ft. al»o\r Mji-lt-vt-k Both ihi 
i|iijLlity of rhr ^lil ;ind the rcinilitions i>f tlir wurk wrnr liere fdmihr 
Lo thiinr* i^ncounttred in thi' fir^t nt^i^tion uf ihc riuial, Uiiltl tW 
will had n certain height it was excjufHiHl by na-aiw of tfi»" m 
tinuou^ iH^ing-cnoj-hiije, hui thruuKh ihe ](»w fwirtioti of (his 
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HI the eonol wits dug by rlrc<lje:i?¥, Cight conUDUoufi excavn- 
DB, Mrv*ud by 16 locomolivov, 360 cun^ of Urge copadly. 900 
kuuvilip c»nB uiid 7 tln^lfK«, won* employed in diggiBg tbia eec- 
n, whieh i» alrvatiy fntir^Jy cxcavntrd. 

In connection vriih the con^tnictioii of the caiio) other iinpor- 
m vrorks were rc^iuirvil, one of Ibt prinrip^Li fwing the improvc- 
rtitof tl«?rJu«rrt Jliwr. Il hiu* bei5ii mnorki^l UiAt Ihc route 

the auuiJ inu-rH^clJvi envrral times* the Qmirix^ Kivcr, and it 
LS llicii iMtceWiury to *lrvmtf \\.-< <ourw:- Tv prfwtii it\fO that 
ring the rainy «^fUioa ibs wntrr will oIj^ItucL the nnvigalion, it 
IS proixKusl to (life two |>AratU'l .Hui)|j]enurritiiTy r»nnl:^, one on 
cJi Tnde of Uic irain. wi a^i to coIlt?cl lh<- whnlr .titiEitjiit of water 
wing (nini itir iimuiitAin^. The total length of thcM- [^itnute 
ml<l Iwve 1*(»eii 27.28 milefl, ami they were prtfjerltd wiili » rrow* 
?tw>n lltl fl widi- ^ti)d u il>-pth varying fniiii Vi Ut 141 fl,, imtilr- 
I the r-uoivalLuti i>f niUlIoriH of tuhif^ yartla of i-uilh. 

In the eicftVation of tJie E^aiLaniA Tanal at timp« w«n> vni- 
^j-eti I3,fl00 men. of whleh 12^000 wrre workmen, ami 1000 
Iweicn foremen, superirilendenLs, engineers, etc. As a rule, 
len an exeavatlon U effected in any loeality< bacteria ypreail in 
I air in stich quantities as to affect the health not only of 
D Imborera, but »l<o thnl of the inlia1>it&nts living clo^ by. For 
is reaaon are found eytDploms of malaria near every exeavatlon 

some importance, and even in localities never affected before. 
It to excavate such an enormous amount of earth as waj* 
m required for the construction of the Fanama Canals and 

ft tropical region wti^e many other duwaBce are encountered. 
a hard proposition. The i^*alh-rute among the men cm- 
>3rGd In this work wa* snira'lhing awful, Ix'ing 74 |wt cent- 
long the workmen iLn>i tj.1 |K:r o^ml. among the cniployrw. 'I'hcsc 
nibcFB would have certainly t>ccn iloublod if it were not for Ihc 
ict BaiiitAT^' mrasure* a<loplcd by the company in ordfr Xo ?flfe- 
:»nl tlie health of \tf nier. and for the (norrnou^ e:(|Hn.4(-*t it 
derwrnt Ui proviile for ttir comfort of the men grmtly im;)rov- 
[ the sanitary nmdilicMM iif llic locality. I'-iirof>r-ari workmen 
ild not n\mtil thr- crmmU- and were decinintcd; the only onca 
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who (!OuI([ iv.Hbcl. It 111 t1i(Hr rr-gi<iE])f eMriir fniiTi JiimAim, 1)iit< lliry 
were v«jry hUiw In I.Ih-ii" w<irlc. 

l-'rf>ui tlicr Hiifnmjiry ik'j*cn|>tion of the Piumiim Cjuiftl sm nrifi^ 
UL^lly ]>rflje*tMi liy Mr, !>■ l/.<sM.-p», if \» cn»Uy «va ihat Ihe j^Mit- 
est difliciiltios are eneoitiit'*r''(l \i\ Sections X ami 4 in the curiiug 
of the Obispo, EnijM^rinIor, !Wi<l ("ul^^hra wenplws. To avoid such 
an enomioua quwitlty of oxcavailon, ami pwatly rotiuciBR tlie 
coat of conslniction of the caiiiJ, it va» euf^Q^UH.i to haVT n 
sea-level canal Ihroiiph Sectiona I, 2, ajiil 5^ and a hiph-levol ^xn>\ 
with ft locks ill Sections '^ *uni 4, With the feverUti increawrig 
of din^ensiona of the ocoan ve*«ftle that are now confJOered aimcvt 
email boate, those timt were eonflideretl large steamers nt \^ 
tiioD thp Panama Canal was befiun, nobody could foroecc !hf 
future progreas of the iBt^roocanic Tia\'igation» and a Ikigk-levd 
canal with a a!Tics of Lockfi would be found perhaps of grcAt inooa- 
vi^nJoncc to the enormous tralhc of the i'anaiim Cunal. 



uurj 



Since this chapter w-iis written, the author notes urith pIo»ur^ 
that Mr. John F- Wallace, Chief Knginci^r of t!ie Panania 
Commi^aion, after ax mcnthtf' residence on the I^thmiiXf ^ug^eeof 
a 5cu-level canal ae tho moet practical one, thus ccrrcboiuUDg tlw 
author'^ views- 
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Traveling Duplex Cabteway — Earth Excava- 
tion, Illinois and rti^sisf^Ippi Canal, 
U, S. QovernmenL 

A digging muc-hiiie operniing two i}4 yard Orange P«t 
Buckets IS here enipUiyed as no other rxcavator would ftnswer, 
soil bciti^ too Boft to sustaJD 5t«4ini shovcL Towers f«r bick 
from canaL Entire coei d'K^^E ^^^ trac^poTtitiff 33C feet at 
5,9 cents per yarf. Record for jodftys run 51.074 cubic jsnli 
nndfrr evir^TTiely adverse conditions in moving owr yielding 
and Mift trackway. 

Lidgerwood Manufacturing Company, 

Cableway5 and Logging: Machinery* 

For Kxrrtratin^^ i>iim i'ltniftrurlion* 
MiHff»r 'JtiarrieAr I'ubUc WorkM^ . - 

96 lilBEBTY ST., - - - KEW YORK, 

LOWDOr* BOSTON, FHIl-ADKLJ'aiA. ATI-AflTA. 




Cableway on Rock Canal 




Traveling Csbleway Loaded by Steam Shovel. 

kWe5t Neblish Channel-5ault Ste Marie 
River. U. S. Government. 
Four 10 loti Travtlin>{ Cableway^ on nick cut 300 frri wide 
m bed of rivcf, water cui off wiiU coffer dania. Ski|>» loaded 
with 65 ton SUam Shovels, Demonstrated ca]>acily 700 ctibit 
yard* place measure lo hours. Cabl(:wn>s can handle moK 
iban ^hoi^U can load, 27,500 cubic yards place measure in 30 
days actually handled. 



Lidgerwood Manufacturing Company, 

Hoisting Enginea and Electric Hoistd, 

Stnttrlatit fttr ijtiniitji tiu/i Dut^, 

96 LIBKRTY ST-. - - - NEW YORK, 





The Chicago Sewer Excavator. 



"■^p- 



ft^^ U: «W- 



Sewers, 
Water- 
Works, 
Gas and 
Conduit 
Lines. 



Does the 
work of 

ISO Men. 



1 



THESE MACHINES will <lig any dcpili up to 23 feet. 
Width of from 14 inches to 60 inches. 
We build various sizes. 

Afachrnrs Lrased fo Ccntra^iors, 



Write us particulars and ask ;iboul control ot tcmloiy 




Monicipal Engineering & Contracting Co. 

607-^11 Railway Bxchange Ruildlnf, 

CHICAGO, ILI^INOIS, EJ. S. A- 






I 



ReMtu Brtlt COBHjAr [lm>dljii|{ F^aiAlftl KorUi uhI BocL 



^ 



excavating, it le the oontractor's purpose to 
remove the earth and rock in the shortest 

ble time and at least ooet, 

Por this purpose the 

TRobins Belt Convenor 



oomhines great capacity and durability with econ- 
omy and portability. 




"V^x^to fox* O^tAloorxio. 




OBINS CONVEYING BELT CO. 

PARK ROW BUILDING. NEW YORK. 
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ROCK 



EXCAVATING 
MACHINERY. 



ROCK DRILLS. 

SUndard of tbo world. Ovv^r 70,000 built uul tuUL 



The "Sergeant." 

Ab iodepecidenf thIvo iywt, ft^ 
Mrpi^^I Af) tliu b*wt ^I-HiMUikl arill Coir 
harik«t rock. 

The " Little Giant." 

n^ of steam. 





Hammer Drilla. 
The'*unieJap;^Tl»a"Lmiiliip."" 

Tbo rUibdojd jxiwor diilfe ioM^ 
bjLuil work. For mtoe, taimcJir 
tgmuTii- uid tvtttru^ I^^ 
poverfaj. flicapld ukd ocottOauoU. 



INGERSOLL-RAND GO. 

II Broadway, New York, 





ROCK 



EXCAVATING 
MACHINERY. 



Stone Channelers- 

Tb*? utaiidnnl for heavv ri>ck work. 
StAftm nnd air i3nvL'ii fur uU roc'ka. 
The most powerful and econotaicai 
dhfLniKiling inaohinos made. 

Davis Calyx Core Drill 

The ** diauiumlUstn " otntf drilK f*>r 
proflpeetiiiA i^t aU d^iptbn in rock of 





Air Compressors. 

TliRHt)i]ii1»til fi.>riill d4B»e** 

ofunrvicn. 
Fiftei-n distijict tyv** 
\firn ttiJiti :it1ioiJKnii<lMz<i<^ 
HconomicftJ^ Simi>lc, Hcli* 



INGERSOLL-RAND CO. 

II Broadway, New York. 





The Problem of 



handllnji: Earth Rock 
and other materials 
ha^ been solved by the 
Hay ward Diggin; 
BucketH and Digt^lr i] 
Machinc^s. 

If you are Inter^ated 
Orangre Pe«l Bucket 
Clam Shell Buck««t«, Bi 
torn Dump Buckets, Tui 
over Buck^tA am vrell 
Predgeft, Skid Xaccavi 

tora, DerrickB, Derrick Fiarturec. St€©l TrevoUng D«r-" 

ricks or Coal Handling Hat^hineryt 

8ttu4 for nur L-utAlo|cii« ■« ^bU-h U»«r lu^ fttllj 




THE HAYWARD COMPANY. 

97-103 CEDAR STREET, 
NEW YORK. N. V. 



There are Just Two Kinds of Wire Rope 

"POWERSTEEL" ROPE, and others. 



"P*.)WERSTEEL" Hop** wceiv^l tlvp high*wt nwani at t»o 
ffiijiubitiuD*, niH) ib vH|w<TiA]K &(iapt«}d for h^avy va^, 1b mode 



• ' 




OUR AERIAL WIRE ROPE TRAMWAYS 

^JL A H. PntriiL Si*ir-l<M-khi(^, St^lf^nslHiuj? ami twIf-Ouiupiiig Imcket. 
^ pcrfwt eli|i tlifit vUl nol iili|k under any coD^itioQ. They re* 
<»oiv<yl tli^ OoM Mcildl ftl Ihr Tjcwi* Jf Clark Expoeition, 11X)5. 




MAMJFACTt'BKD BV 

BRODERICK & BASCOM ROPE CO., 
ST. LOUIS, no. 

NEW YORK OFFICE, 18 MUBBAY STREET. 



^ 





G. L Stuebner, Iron Works 

FOOT OF Uih and 13ih STREETS, 
L090 isuugp cmr. »- x. 




'tt&VT^U-IL KtXB OV 




Seif=Dumping and 

Self-Righting 
Hoisting Buckets 
for Contractors 
use. Stuebner's 
Patent "EXCELSIOR" Bottom dumping 
Bucket for handling Concrete and other 
Materials. m 

Narrow Gauge V shaped Tip Cars. 
Portable Track and Switches. 
Wheelbarrows, Hoisting Blocks, Etc 
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[tit bj idle cUiiD* ijI 0nt'''7ioTix^^^-aci hy A campamon 
t, tut bj Actual t««i m tho nwl vorlij ol work, ku th« 

btson Dumping Wagon 

iU prasent ndniDccd positioi^ Lo<jko4 ti[H>n u 
:u»)i,*' tw«tiiy yoAT« «c:o. i' is the ftcccpt^ toid sUttdurxl 

type to-dn}-. 

Daft many ttiitu- 
toTst but no! h r*uil 
Hval in thtr world of 
oou tract in ^ 




ftril BoTtfUTL Diimping VT^ton in th* fluM. Th* IikI Ttgnn "ti 
l# go 10 t^ ftTwr ihop. BoHj oT Ictifibnt Ailinii>divk Birnli. 
i>t«clwl«d, Irfllrd. Mvoui icvstti, wbiE* vflk. CoiiulidBU* Bi»i 

^ttsoa Uumftinc W&goiis »kr<i ^r«1 in «v<<ry bi^ catIIj 



ATSON WAGON CO, 

Main OKitc and Factor). Canaslota, N. Y, 



I 



\e Largest Dumping Wagon Plfint in the World, 







BLAST-HOLE DRfUJERS 
AND WELL MACHFNERY 



KEYSTONE 
For CONTRACTORS. 



THE KEYSTONE SPUDDTNQ DEVICE 



mb- 



|iiri^ Ibi^tuKiiiti Ami lu H uioiuii'Ut'b Litui^ Nu piillinf^ iliiun uf d^m'k iir Hi 
iiij up OD tmu^lnTm tcj tviunv« nipn fnjTTi nh*>avi» wliik* Uii- Uhils rvat nn ih« 
Ixil.tom of tlie Utile vitti dVerj rhaiiiio ut btic^ Ininpil tiv ■ 4St^1Q- Chk tii# 
lU'lVSTOSG Livo mutioiu of a lever at Iht^iLtiLlorv htxttii ebitt tht? bKib fur Uia 

TEE KEYSTONE CROSS TUBULAR (PORCDPIMEi BOILEB 

p|iUr*'ly -Iin'i* nwii> *itL iLe. Lut ami jiirLj l.nik "! iljtilj nr iri-ilnly Mnfi BVHb- 
htufl. Tiibr» rari-ly ln'&l ■tli'Hllcin und whro llipy <lo, a lahar^r *:itl» «vr*-iir)i 
and ni^lo uf gu |iJpo cuu du iLe wink. Free dn^iif^lit tUavn «iDlkm<^ii« 
4.-o[Dbiuiliuu ; vjl] bnrQ Dnjlliiug fti>u] gri^i^u wexhJ to hurd ooU- 



TH£ KEYSTONE TRACTION MACHINE 






4 
'4 



No wuitiuff for lionM Otf 

THE KEYSTONE GAIT 

nMiiA ft dportl Ukot cint'% he fttfw\iicd hy uny utlifr mft«limr ia U)« fieJd. 
Our toota oud minot piu-tn ixre nuulc to iitADii up uudci Ihr^ mugiw &obmi of 
tnxr mwhmi» hitra bvou m ums for 16 niK^ I3v<iank Thi'j uvi biult for etmeo. 

Send for CftliJoicue« No. 4 4>f Ootrneivr'ii DHIU. 

<.\ttatogvft^ ^0. I, Av. :j, 'itKl S'j. 3, drj^cj^ It'^rrer, Mineral 'J\ttaitd 

Oil W'-fJ J/rtifiJii/ J^achtn'-ry. 

Keystone Driller Co.. = Beaver Falls, P 




36aI6\vin Xocomotivc XKlorf^s. 
S— LOCOMOTIVES lv&^.^ 

r ~ ''^' '~ fl ElECT«fC 

'H^^PVHk^ A 1 I LOCOMO- 

■^^■^■^»lDM|^k I & TivES mm 

^^^^- J^P^^^B^^^^ ^^^8t*^^^*C ELECTRIC 

Locumotivcs particularly adapted to Contractors' Servicer. 

Burnham Williams & Co.* 

aa4rAddT»: 'Bau^c*," riiilibl'Jpbui. rillLAI>KLPlll A, PA. 

Civil Engineers and Contractors. 

MAIt3[I.C, P. R^liirortecl Comrrtc WIOi fiiU-iaj^ uJ tnidioti 
pbOm, »i]<t MV dlngrnoiL 4to, olnth, ilhiHtrntrd „.,, ..,aM $T,iu» 

PERLINr C, TitniiHIuir* A prutinJ Trutbe flmfdnleg 119 Wrildni^ 
DnvtAgi ■!><] t^ffutn, \Vith uldlttoD* hjr 4'baHrft S. UkJl, U. K.. AiscpidIp Kd^inr 
' n^liii iiiiii. N<«b'' Tftirtl iSdiCtvn IftH^. 311 V^n. Hvo, elcilfa, illii^^ 
trM9d- „,-. , |3-0L> 

WARREN, F. X>. lludlHiult <iil hciuriiTi:<Hl CoucTvIe, fur ArcLilc<W Ku- 
l^i ii— Li n Tid Conuncu>n. WUh A|^ifM. illiii^nkii aocl nnniemuB rAbfMi. lima. 
Ck4fa. tUiikml«d aeT fiW 

XmnER, O, F. Me<*liaiiU-Al Hiini11lniri>f MHliTljiU Bi^r % 
lrr«tiM <PD tho hmiilliiif; of toAt^iitJ^ mirb Jk« cvaI, or«, Liiahrt, irti^, by qutoEimlia 
uiil BeiiiL-*i^to]Eiiit^(7 uiCK-biiiLT}. With 513 i^iuTifi. dihitmiD^ full-fm^r itii4 
fobUng PJaUl HajFtl, Hpci, €l<>th. ilI^>Atni[rd..H.. *- .^.....•.•..«>« n«« 511i.lM> 

D. VAN NOSTRAND COMPANY, 

Pubjishec^ and Booksellers, 




Catalogue of Scientific Publications 

and hnportations oftheD. Van Nosirand Company ^ 
2J Murray Street and 2j Warren Street, New York. 



ABC CODE, (See Clausen-Thue.) 

ABBOT, H. L., Gen'l. The Defence of the &acoaBt of 

the United Slates. Lecturea delivered before the 'Uv^ Naval 
War College. 8vo, red cloth K.OO 

ABBOTT, A, V. The Electrical Transmission of Energy. 

A Manual for the DeeJgn of Electrical Cireuite. Nev} Titian, r^ 
vis€d, and entirely rewrHten. f\illy illualrated. Svo, cloth, 

net, 15.00 

ADAM, P. Practical Bookbinding. With iUustrationa 

and figures. TraneJated from t^ie German by ThomaB E. Maw. 
8vo, cfoth, illustrated net, $2.50 

ADAHS, J. W. Sewers and Drains for Populous Dis- 

tricle^ Embracing Rules and Formulas for the dimen^ona and 
confltTtiction of worke of Sajittary Engineers. Svo, doth<. , . S2.50 

ADDYMAN, F, T. Practical X^Ray Work. Part I, 

Historical. Part II, Aoparatue aad its Management Port III, 
Practical X-Ray Wort, lUuatrated with twelve plates from 
photographe, Svo, cloth, illuatrated . «-_ - - - f%et, t4.00 

A ] CODE. (See Clausen-Thue.) 

AIEMAI7, C. H., Prof. Manures and the Principles of 

Manuring. Svo, cloth , , , 12. 60 

ALEXAIVDER, J. H. Universal Dictionary of Weights 

and Measures, Ancient and Modej-n, reduced to the Standards of 
the United States of America- t^ew Edition, enlarged- &vo. 
cloth W.50 

ALEXANDER, S, A, Broke Down: What Should I Do? 

A Ready Reference and Key to Locomotive Engineers and Fire- 
men, Round-house Machiniats, Conductors, Train Hands and 
lospectore. With 5 folding pbtee. ]2mo, doth $1.S0 



D. VAS SOeTRAjm OOMPANinS 
AITDERSOTr, 0. L., A.M. (Captani of U, S. ArtUkfyT 

ILu»iJLF4.iok ior the UH i>f nevtrciftfvt ;n Ibv owmlion nrrfl can 
nl Hlnrtriml M*phir)cry and Apparntun of Uh lJiut«d SlMe» 8u- 

tiraor*! (.'onimonding trv Anny- With IbIiIm, di^pwt vtd 
llliuiirHtiorifi. ^n, rbtFi, 1llciKinU«d t-1 00 

ANDERSON, J. W. Prospector's Haodkook. A Guide 

for ll^ VtinyrcUtT jLiid TtAvcUcr is K&rrh ol UcUJ-bcahuf o* uUjcr 
Vulu&bf'' MiiaiTraJPH t'itfhtK KtHhifi^ ftriMed $vo, doth, , . ,|l,50 

ANDEBSON, W, Oil tli© CoDversIon of Heat idId Worfi, 
A t^ntrtlrAl tlATifibiH^lc nri Ucnt-fingliLfiL rVkfrd I'lfiCiaa- Elhi^ 
Irmtnl. I2uiu. duth « $2. 25 

AlVDES, L. V«B;etftble Fats AnC Oils: Tb«ir Practkoil 

Pn|innLlinfi, FuriUcAtktn tud JiJiTipluriitcTit f>>r \bh'>UH iNirpcvU' 
Thnr J^prKic!'. AdiilU'nr.Krd nrxl l^uiniiiinli<^ii- A Hunjbook 
fcT Uit Muju/flclun^n And J<p4ln^n. Cindlv, Soup and LubivMis^- 
oil MiiiiuriM-uin-n, innl Uir'llU unil Vht iFicliiKn' in vivjf-riLl Tr&n*. 
Int^t ttXiiD Ibv tivrniujj. Witli 94 iUoii- 8vu»'d<rlli, . . Tiff. SI QQ 

Ammal Fats ud (his. Th^ir l^octicaJ Produc- 

tk>rj, PiifilJi^t ion nnd Vnr* (it n itirr^t varitrir <*f purpoBni; their 
tVztpkTTii^H KjlIkiIil^midii ftnd iLxanmiatJc^i, A Hkxidbook Cur 
MjLhUlikiturf^rK 4^r C>d nnii b'At, I'rrKluf'U, Sciupbnd Cuidl* MftkcrB, 
AffriaUluriirt*. Tnanm, rt^ Tn»iiiUl«d bj Cli»flfi< H»lt«r- 

Wltti 62 IliiwtmtlodB, S\o, cloth- **, S4 00 

Drying OUe^ Boiled 01], ftisd Solid and Liquid Driers. 

A pmetitfll work foi mAuufocturpni of 0[\b. V^miaUet, Priniina 
Inkfl, OildoUi and Luiuli'Uiii, OiWakd*, fwaU, dc^ Sro, dMb. 
iltufltrAKd , iMf, l&OO 

IroD CorrosLOii, Aati-fouUng and Aatt^onorim 

tinted with CfMEmviAC &nd hd/'icnc cuU^ S\'d, cdoUi- .nti, $iMt 
-^—011 Colors, and Printen' Ink. A Practical Haad- 

biy>k IrTDtin^ of Lii»V«cl-ai], Bulled nil. I'ntntc. AttAtU' CoIoth, 
TjtTnpblnck, jind PhnifTr.' Ink* iMiirk nnd colored)- Tmi«^at«d 

fniTu iliD (jflnriiiii iiy Arthur Mrirrlft juid llrrbfTl Rnbunn. With 
54 TiiTum mid dicu^rriTUfi. 8vu, dclb. .]. pn^m it£J. t'J Ml 

AOTfUAL REPORTS oa the Proereas of CtiBDiIstr; for 1904. 

Vol, I, Iwdrtl hv tIw l^hf'rrikwJ ScK-ltfty, 8vo. dolh. nrt. tS *)0 
\<A. U (1006;. Svu, tloUi ntf,|2i00 





sc'iEsnnc pitblications. 



JUUfOLDf £. Anaimr* Wbillfl|E< of Dinct-Currwt 

DrfAlivw Lxi«(kik->ii bud AppUoMioa of a Gcnenl i^ iniiifig 
KuIa. TKr0il«t«i.[ ftt-iii ih« oHtfnal Ovmutii hy FrwhrU It, 
i>Or«a,M,E. ft'^Lfb nvmpRiiwilhwttvtiona 6v«,dotb,.. ti fJO 

JlKITOLD, R., Dn Ammonia and Acunoaiuffl Com- 

pouiuifl. A rmotVCvl MaElujiJ fur MAHufactiinra, Cb?ii:J!i]r. Cusm 

-Alt of D^sLng Wool, Silk and CottoD. Translated from 

th* Frvm'h '4 M. Hel>iU, M Miif*iu*r uid M. Lf PiJpur D'^plitrnv 

JISHE, S, W., ao<l KEH-EY, J. D. EJtctric Railwarg, 

oumaroui t[gur<4. dLognunj, uid IgJdiog plato«. ISma, cloLh. 

lltiutr«l«f . . ., rwl, 93.^ 

^b^ VaI. 2- 5ub-itatloni uid tbe DlithbaUni SjMnn , . .In Fnat, 

ATEmSOK, A. A., Prof. (Ohio Uai?€f«ity). Electrical 

AuJ V£n£u«ti<: Calculbtiocu, for Ih? uac of ClectricAl Enciin'cit a^d 
Artiaoiiit T^Aohtr*. Mudctild ni^d bll tiliirni mlcnirtcd in the 
Tbf«ry Mid ApjiBiuitun of Kli'ctrit-iiy pud MaKhrti«m. S^^md 
ESii/ion.re^:*e<t Svo, dotb. iHuBtrat^d- n^MI SO 

ATKINSON, P. The ELcmtsits of Electric Licfati&;. 

iucludiiijt KJri'lric Ur'nrmti^jri, MUBuraunit, dtvmcr nad Du^ 
tribu(i->n. T€nih littitifin, /uUy nviMd and ntw m^tr adrti^. 
XJ^tl^tn^tf4. \2in<,.AoiU II. AO 

The Elemeats of DyDAmic Elcctricitr and Ua£- 

nnifliTi, FaurfA I'S'IitM'i l^OillUftlrtlioncs IZmo. doUi. . t'i 00 

< Power Transmitted by Electricity and lU AppU- 

cQltuu by tbr Oi^rtiic? Motor. uirludiiiE Elcclnt ItAJwny xjoii' 
Miuctiaa- Fauiih fdttion, Ju£iy r4rt*e4. fKUr maOtr adiUd. 
iSmii. dmh, iUmtnttflt] 13 00 

AUCHINCLOSS, W. S. Unh and Valve Hotioaa Sim- 

pli6<?d, IUii4trnt4:d wilLi 20 irowlrutf ndd JO lilhograpW rJAl««, 
together with 4 Travol S<ulv, (Ukd nuiucrouB lUcful foblciL Fvur- 
Itnth hdilvtn, rfi'ited. Svo, dotti , fS.OO 

AYHTOH, H. The Electrical Arc. With numerous flg- 

un* dlftj:ni:r«»nd pl*il«» Rvci.HriTh, HlnflfrnE^-d . ... tH% <"> 

ATRTON, W E , M_1.C J: PiHCtical Electridity. A Ubf>- 

mforj' nnd i-»riitrr Oiiir»^ for Tli*^ finrt->-"-iif KrudTiU of IJettncid 
ETi|;inHring, luwptl on ihe IntffnfltmiirJ IvrinUkjiiB ril tbi* Kli^-tfW 
ffcllTniU- Vnl 1. Ctirrout. PrrwHifr, Ki-«KUiiir. Erirrsy. Frwi-r, 
and GdU, Ci>iup]crli.']r nwnttcu uid CLWtjiLi;mg nuiuy Ikurm 
aaddln^niiii*. l^ioo. doili. . 13.00 



i D- VAN XO^RAND POJtPAXrs 

EACON, F. W, A TrwtUt oa tbe RidumU SUj 
TaduMlcrf witk dUvrtioi^ for iM uw^ By Cteitu T. 
Ksvind, vitti botes ukd Uf^ Addiimiu u <irv«lafMd bj 
HttiHko: Kith Au appttodix fonvn^Dc vtcfiil Dj«iuu1» bmI nlM 
r4rf*n|tiB«#m IHij«<lr%t«i1. Fonrtb /:Jif u>h I2na.rlnch- - SI OO 

BAKER, Arthur U, Prof. (Univ. of Rocbcrter^ Qaatvr* 

tkin« ... , . , -..,.,.,....,.. ./n PtwMm 

BAKER, H- H, Potabto Water ftad Htthods of BeCsct- 

in^ IfnpuHlioa. ^ftp K^ifiM, rrtiMd and iwryij y rtvrtiUn. l^BXt, 
rinih fl'rtn A'mtnjiuf* t*W>rtrt .Hrt^;,. ftl M 

BALCR^ G. T., Col. Methodn of Tucbiog PUriotism 

in Ih* Ptilil&c StIjooIl Sn^dotb- ....***. 11.00 

BALE, H. P. Pumps and Piunplng. A Handbook for 

1*11 Tip L'fnn r/nio, rloth.. $1 .fiO 

BALL, S. R. Popular Guide to the Hearens. A series of 

ci^t/-ilu«c pbUflj mvijt^i whiob an ix^lurrd and iibD|ETat*''<^* 
ffitL oxplftfutDfT toxc bud todex, ^muU itu, dolh, iUuKr*)M, 

Arf. H.BO 

BARBA, J. The Um of Sleel for Const rmctiTe Purposes. 

Mnh4Ml of Working, Applt-»n^ ■ltuI Tnvtlng Ploia vul IW«, 
WUf. * Vvvtiv^ l.y A- I, }U>\Uy. ('.¥.. 12rii.-, H*«Ui tl ,60 



BARKER, A. B. Graphic Methods of Engine Besfgn. 

Inrltirjiii; ft rrT«phio«J Trvwtin'ni <i1 tbtr BsJKnring of Kiwdm. 

l*i™>, doth ,_ fl,50 

BARIfARD, F. A. P. Report on Machinery and Pnv 

ofwm of thr IndutftrikJ Artu ».mi \ppamt\it of ihc Exarl Srinncn 
jiC till- l^nriii I'mvcneU Kipovitkin. IHA7- 1A2 Ulitftnttiiviri and 
Sfulditii plfttw. »iru, dotb W.OCI 

BARIVARD, J. H. The N&Tal MUitiamAa'a Guide. FuU 

|i:jittu:r, pocket aUn »,,.tl,29 

BARRUS, G, H. Boiler Tests: Soihraclnc ^ Results 

9T~rrT^(>'^>Lii^ bodcn, tMiutuirinJ Uy ill*: uufliufr S^v. clutL- S3 00 

En^ae Tests: Embradng ibe Results of over ooe 

liuiulr^cl fp(*d-wat«r 1t«tB uid othvr invsttniitton* <Tf i^rSoUi 
kii^iU uf 4lfiirii-*iieineit, conducted hy tha ftUlTicrr. IVjUi nume^ 
Ota fiffuru, tAljIfV, and diarnrtuL Svo, doth. lUtutrated- - S4.O0 
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Vtv of f.'oiiiTir"(v<'</ Air in SjTjiuiucxw Woci«. Woh nvoKroti 
din^ra-iUE and li|Ciii^». 4to. cbrti, iUuitrAt^. , . , «cf, $0 

CQREV^H.T. Water-supply EngmMrinc. Fully iUu»tnited. 
CORITWALL, H. B., Prof, Manual of Blow^pipo Anali 

UuEUiULtiv'o and <^uaji[iiattM?. \^ith a CottipieU Gytl«en 
tWvrminativ* Min*rala|[y- Rvo, eJctb, with nuuty Ulwrtm- 
tioiu .,, f2.«) 
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^^^CWELL, W. B, pure Air, Oioac and Water. A PnfcO- 

tical TroaUn- of tWir I'liliKtlKin untl Whw In OJ, Gniko.-. StAp. 
Pcuai) G\w uu) other luiiuatnce- )^^JtL ^bTot unU firurt*. 
I2iiKi, (bth. illuwIr^Uii Mf, WS^tJO 

^fiAIG, B, F. Wights tt&d M««8ures. An Account of 

wItkuniUEcUni. SquAro3^iuJiinpdolh 00 

OROCK£R, F. B,, Prof. Electric LifchdnK. A Practical 

Ki|>04atir>Ei «rf thr Aft- Knr iiit- (if Ki]iCLri(rni» f^lndritli', Vxl 
oiiitn inurtvt^ in the In^tnlloXion «r Opcmtiun oF tlwIticAl 
llftQU. VcJ- I- Thff ticocnkting i'linl. ^fu- tfiitwn^ ftut^uahly 
rmtiil iimt rf'iritUn ^Mi.vlathJlhiMnit^l.. , ... fl* LHJ 

^'i>l n Di^rilkttriTi^ S>'KtPTnii M\d Lainir* Fijth Edition Sxit. 
rloth. LliMtmlu! S3-00 

*^ — - «nd WHEELER, S. S. Tha MiJugiBuat of Bte«trlctJ 
Mjuhif^O' l^^i^ a thifi^^fhiit rtvtmd and tmMtUn *^tiion «f 

th« iLUllri>fii' " t^riu.-lii'ul .VUiUknm«Dl of J>rruiTlod and Motrtrt." 
With aviwdikl Hmfter (»y H. A. Kwter l^mix dWli, illTirtrn^ffd. 

CROSSKEY, L. R. ElemeDt&ry Perspective: Arranged to 

mol thip rcqulrGcnrnti of Arclkilrrla and ll^lUK^t«1Il«^. and of 
Art Hlml4-ii[» prPtAHriK Tor llii' Hiiint^nLnfv I'l^trniimriifii ol tlie 
Science tmd Art bepajwncni. South K<?iiimpioa. With uumei- 
QW f ul^SMflC plfttui Hiul ili/UErauuL, H\-ti. i-]irl\i. jllujilnilcij , . 11 .00 

snd THAWj J, Advanced Perspective, involving the 

Dmiviritc of (Jljjwtn *h«M piuot^d ui Otuiqii« VovliDnfl. tihiJowa 

loctJi. Dmigliunvn nnd Studtntn prepuing for tfiv P«nipfli:lite 
RsLnminMl'in »f iht^ KiluriiElun l^^partnicni- Witli niuntzvuji MI- 
pA4Cc pUiw BJid iJLt4cnuuB. 3vu. clutbH iUiutrntod, It, SO 

I^AVIES, E. H. Machinery for HetaUiferous Hinci. 

A Ptwrtii'ill Tr<*atia* fof iUnlng Knglrii^rw, Mental Iim^Ibtji ^nd 
UAHAfrn oi >liiit4. With iiptfATilii of^4lXJ ILluAtrMiUinH Stmnd 
E'Htian. rrurillcn and cniari;ai. Tivo^ idotU ncf, SS.OO 

NAVIES, D, C. A TrDAtise on UetaJUferoiu Mincftl» And 

Minki^. Sijriti Kdiiian. tharotightj/ nviaed aiut mucA tntari^td bv liJB 
Hciij. &in>. duili iKf^i&'UO 

Mtning Machiitery In Prtts^ 

DAVISOn , G. C, Lieut. Water-tube BoUera. ....In Prm- 
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Bidtf l^thc; fa 



wok C^ 



PBITE, Dr. C. 



MasDtl of Soig Mtfaifc 

p r aJ ft to i aod ««■> ler pviir mad imtiglt 
frett the !■« €f 1— w q«rt^ Twa^ni fwiiU 
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DE LA COinE, H. Tbe IndnMrui Uara d Vater, WiOi 
■— iwm UUvi. ficvM. aod faff—. Tnniifaiwl &««n iW 



DEinnr, c. a. 



Dcep-terd Mmea ot the fUndt utd dieir 
cBadJgni Inm lb rnmiiryi pnM ^ 

DfEKS, W. L. Block SI£eu] Opentua. A Practice 
DIBDDf, W. J. PdUic M^tBfi bj G«i nd FltftflflTi. 

<|aU.a«BWl^ X «<|8>00 

Partittttfla of Sewa^t aad Wotir. WUb ubU«, 

^aomipk Md foldmic pUm. nw fidMoii, ffrW^^ mi 
nl»^. 8vo,dMh,illiii.Mda^M0«ifa4dbcpki«. , . fe EO 

DIETERICH, X. Asa^iiii of RmIm^ ^'™»t, and Gvn 
KcMw; Umb- Cbtnirtn aM f^wmtimmt- f » iLe upv of 
tb« 8dEatifi» amd TcctoMttl BwiifFhi C^aatou « ttli » BUmc- 

**h «<taco 

DIZOIf, D. B. Tbe Machiiust*s iiul StcaxD Enztaeer'a 
l*ncllal CUodfttor. A Ctt^idAKin of L'MfU IUm Md Pmb- 
Icvtf MTlhiiwtinnr wA-nd, locithv villi Qwetal MotnttUtn 
i prfriNi "It fhrr t"'- "" rrnnr T^Jrji iil fltiiila f H iMi 
boOu aad Uml Enibrv^ rataiMa Tddo* and lutno- 
tioaai8«»»4«hiiit Viav(-B&dUDkHotio».«4e. TftMUaiH. 
lOmo, fun woroccD. pMkrt looa^ 31, 3S 
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DOBLE, W. A. Power PUnt Coiutnxrtioa ca ttw I^dfic 
Cot^L h 
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DODD, GEO. DictioauiT of Muitifftcttim, Hlaiog, Ha- 

4>biitfiry,aiicl tha IndUAtfuJArtii l^jnn.ckTti, , %l £0 

DORR, B. P. The Surreyor's Guide mad Podc«t T«hl«- 

WithftMOOiiidn|EpciL<UxuptodAlc. tfimo, murvt^ro iLhfw, . 12,00 

DRAPER, C. H. An Blemeut&ry Text-book of Light, 

\2ii"i. trloiU. m^InUd ILOO 

■ HeAt u)d the Principle* of Tlienno-dynamicx. With 

RUi'jy lIliiBf mtji-ixm im! ntumrmil ^.tiiiu[ilw*, I2«ip.r|*jf.li . $1 Hi 

BTSON, Su S. Practice] Tetdng of Raw Materials. A 

Conrbf ITmndtxKik for Mnnurnrtitrrni. UcrotutnU, nnd ITucn of 
Cfiru^kjiJji. ii\lii. FudH. Gu Kfttdiixlji luicL Uy-pn^hiiU. nnd 
l*ipvr-[iuLkia£ MntrnalB, u-itti diaijUTH on Wnt^f AiuJjns kuJ 
Ito TwtioK n1 Trade Effluniid. 3vo, cloth, iIlii«rftlloii»< 177 
V^t^ nrt, 16,00 

MCLE8,R,0,(Dr%MdDrTCKWALL,E.W, Food Pw- 

MrrmUvf*: th^ir AdvKula^H tiud iVifi^r V^w; The Fraotiul 
««mu Uu ThGoreticAi SUk ol Iho rare Food Probleiii. B\tt, 

apw 10, M 
Ah 1 00 

SDDY, H, T., Prof. Reaearchts In Graphical Statics. 

Bmbracbc New ConBlnHlioufl U Graptucni SlatiM. n N«ir OfucibI 
Uithod iij OntpliLtal HUtiCA, At>iJ tlic TliHiry of Inlcm&l BUt9U 
b GrfephirtJ SCnticflH 8vo, dt>lb «..,..... tl.U 

Uftxiinum Stresset under Concentrated Loftda, Treated 

mpbiciLlly. lUuitmlwi. SiOpcldth. $1 AO 

£I3SLER, M, TheMelaUuieyofGold, A Practical Treatiae 

on Uif* McTAlUirj^c'nJ Trpfltmi^nt of Gold-brAnEiff Ott*^ including 

iE>tCH kItJtiiif iii\d IMiiAngi of Gold, Fifih E<iitton. rcpunf aW 
(fmj'/y rntary^J. Over 300 UlueAratlona and Tnuoeroua fold&AC 

pUtH, ^vr>, cloth , 17.40 

-^— The Hydro-Metallurgy of Copper. Being an Account 

of pr'ii-^^tNt'A jkduptfii iii ttic M\(JFi} rij<?1a[Jure;ioal Tn^ArmcEil of 
C\;prif*r""i'' llrrn, ii^vluiiifif; ih- \im\utut^turv of <.<»pi>>f Vitn^il. 
With chnpU^ on th^ i!»nuiT*<of fuppiv ii(<.'<>p|Wf und the K'nulinja; 
of r<ir]r>or (tr». With numeroua ^iAgraina uid fipimc. H\ti, 
doth, illucinkMtl., t ~ fif, $4 A> 
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EISSLEK, V, the V^l^urgy of Stiver. A Practical 

OffV. cnrlitdiiiK rti** AnHvinit, M^lrina Mini H^diiiiri^ »f SiU*« 

The UctAllufer of Argcniiierous L«Ad. A Ptftctkal 

Trantfflf on ihc Siaeltiin of i'iJui-Lai^ On?* uiil tbc Ec&niuA of 
L«ftc] Bullion^ 1 ml L^iLf iK lLr]j(iriA on VAfjuuk $tb«llui|C Ealabluli- 
mpQta and l^^rripTbcki of >fmlr.tii ^Tnollina KunaoM Vid Plftute 
lo Europe *nd AuiCnco. \Vi(h isi liluitritioau, SrV, doth, 

^Aiildc Ptdccm for the Extraciion of Gold ind its 

Piactitul Apijlii'^ilmii till tUir IVjiwjiEerNnuicl Gohl FirJdi ira Sitit>i 
folding plftttt. Sro. doth $3.00 

— ^A Handbook on Uodrm Eiplodves. Beluga Pnic- 

Urn} Trnkfi>4i« nn thr Mnniifnmirp aud Vw nf UynuiUlfi, GlA^ 
tfition, Nilfc^iflyoprinp. flrid othT I'-Tfiliwivn Oinifrunii*. ifl- 
dudm^ lljt uiaiiijf^i-LUTv uf <.'ii1ludiuiL-vulU<ii, wUli ctftplfr* OB 
EiplQAvtB iu PracLioaJ Airplicall^ix. Sw/nd Ediiim, oJo/prd 
tM 160 £Uuj£ra/MrM, ]2mo, clotla fS. DO 

EUOT, C, W,, and STORER, F, H, A Com|wiidiou»- 

Mii[iiud of l^UftlitalLVp (.'hcniJonJ AaAJvlfl H^viwd ^th tUm wf 
cper%iiot\ of »lio ftiithnm, hy Pmf. ttlTlmin R FCtcbi>f« llZutf- 
trai«l> riCTTrrfwlA Edition. ntv>iy nvued by /Vb/, W. A. LifuUay. 
I2mii.duth ncCllZA 

£LLIOT, 0. H., Maj> European Light*-houwr Syvtcma. 
iSdn^ a RcpoTl of a Tout of ]tuijiC4:iiou iLudiK ItL ldT3, 51 ccf 
cravm^ Mid 21 voi^dcuta. dvo, clottu .d... Sft-OO 

ERFITRT, J- Dycliiff of Paper Pulp. A Practical Treatise 

for thr U« of paircfsimkrOn ^rji|ivr>*hi!iiE^m. hLmkiil;* hi^jJ ctUltrfu, 
Willi ilItu.trfiliar»H cmd 157 t«iftf rne of pajxr dy«l in llie pulp, 
vnlh fcirtiiutru) for «k«h. TrcnalAtcd iulc Eodzah arid etLlvdt 
witb addition*, by JuUiu iiubuttr, FA^b. avo, doth, Ulue- 
tn«»d fM«, tr.SO 

EVERETTp L D. Elementary T«xt-booh of Pliyaic»- 

Uliatfftlod. Stvtnih Edition. 1:!djo, doth *l.Ol} 

EWCtG, A. J., Prof. The Hacnetic loducUoD In Iiot 
Euid dthrrr uwUhn TAtrd i^difion, nvucd^ 109 UhMUitiiacw 
tivo. doth ,,,..,,. W.OO 
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FAIftlE, J.f F.G.S. irot«4 on Lead Om: Tbcir Dietribu- 

-^^Sotes OD PotEe:7 Clays: The Dbtribution, Pfopextiea, 
niAM AttA fumWidt ti lutr <'bv«. Chmn Cluyt und f.lilna ^louc. 
With tftblu bill) funiiul»-. 12r»". cliX^. . 91 £0 

FANl^IRG, J. T. A PncticaJ TrcatiM on Hydnolic ud 

dynnmioi and WrKlitvJ L^irrtnjfiicin nF VV'nti-r-WDrk« in ^Qrth 
AmodCB- IMI illll< Mvo, clolh. Airt<t^Tk EifiJt/m^ tfi^rnl. ^ru 
J^r^nt. uirl itrr/t liihl/v and HlMttrttiinnti ntUlM. liAO |if> If^ W 

FAY, I. W. llic Cool-tor Colors: Their Oh^ imd Cbem- 

itiry. 8i-c, dutli, UlUHlmCod- ft«»*ii.. /»/>»*. 

FERIfBACB, R. L. Clue and G6Utln«; a Practical Treti- 
nSH, J. C. L. LeK«riAg of Working Drawings. Thir* 

l«OD liftUA, \riih iluiriptit'c text. 1>{>]oiitf, DX 12^, bo*nU. tl-UU 

FISHER, B. E. C, and DARBY, W. C. Students' Guide 

U» t^iljiOAHi^F CaGlr TmLiii;. Third [rufO otkJ rruriryf./) t^.fi- 
tUffL Rvo, iJcib, Ulonirulicii ........ ., .., |U-SO 

FISHER, W. C Tbe Polcntiometei and its Adjuncta, 

Svo, dolh. - $2 2& 

FISKE, B. A-, Lieut., U.S.fT. Ekctridty in Thtory and 

IViu-Lic>r ; nr, 'V\v KJuitkBJii« of Elevlriol ED^uif^^'nim. hvihxk 

tdVKrn. Svo, piuth %'J 50 

FIEISCHHAim, W. Tht Book of the Dairy. A Manual 

oi tlic 3cicni:o and TnLcticc of Daisy Work. TtniuJdtrd from 
the Qermuw hy C, M, Aikoum and R^ P&trick Wtifhl- m-d« 
c-lotb , H.OO 

FLEMUTG, L A., Piof. The Alternate-^ nrrcat Tran^ 

lonDcr in Theory uid I'rriclicp Vol. 1.. Thp IndtifTJ"h nf Klfrrri*' 
fhJimQU; mlpflm. A'aj' f-'^Lluin, lllur.mini- aTD,r|tnh, Ifl.OO 
Vol n..TtiD 1jm.thtiaiX of luOucvd CurmiU. iLIUhlnilui, hw. 
okrth M 00 

C«ntenary of the Electrical Current, i799->^<'< 

avf>, pttp^r, illiuirvUd- tO^OO 
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FLEMIFG, J. A., Prof. Electric Lunpfl and Etodric Iigfat< 

tutioo. April May. 1»(H. SAy>. dMk. fuly aiHli«ua ».()[) 

EJcctriCAl Labonton flotea tnd Fonoo, ElcaMttbtry 

■ftd .Uviui»d- lie, dotk, flurtm<«*L 15 00 

A HftAdbook for tha EJectrical Labcratoiy and Tttt- 

inp rW'tTi. 'hJ Vihiinf^ M-<i, rl^^tJi . . ... .rach i^ (Si 

n^URYf B. Tbe Calculus WtUiotit Limiu or Infinimi- 
aaU. I^wudfttol by a O. MuOouu , . JnfSw* 

FOLfiV^ ir» aji<l PRAT, TBO&. Jr. Ttt Hcchanjcol 

J^hgtnfita Kcltfviit^ U'nAi for Unctiuic ajmI Boikf Cu^iiruuion. 
in iwn pul«. Part 1 - licncfttl EoginMnnf HnU J^rt 2 — 
Boiler C^TUinirtvon. Wixh 51 |iftt«i wkd nunwrcui mii»nttboa«, 
JwtoUy draHft tor Uita WMfc. FoliOj half moromL .V«v £A' 
im., -- .^4 In ^m 

FORItEY, M, ft. Catechism of the Loc muuUv o, Second 
FOSTER, H. A. Electrical E&£ioe«r«* Fockot'-book. WHh 

tht Ojllnbomtkon of I'^^knoQi SprrUfurt*, A hjuiift>fi<d: c4 inWiil 
ilrtCh liir Kli'f'tricihru hth! Flt*rln**I Fti|yn»*f», Wrth innurirf^ 
aMp Ubln. ctltucTVinii, and A^ns. Tbifd JCdUtoA, fvrMrif 
i\ii:krt WM, M l^iliit. iWOpy U 00 

FOSTER, J. G., Gca., U.5.A, Submariiie Blastiii^ in 

1k*u>ii IIoiIkt. MusuctiUKtU. I£tiuo>al of Tower ami (.'^^rvrtn 
HofJiA lllu^tnUHl wtlh 7 plaU*, ito, tiaih tSSO 

FOSTER^ J. Treatise on the Evaporatioa of SKcfaarino, 

ChtmiiTil Olid oihft l-iquKb ty IIl« UuKipl* 97*^*** ^ Vocuvn 
ui'l Crpvn Air. Thtrri CtfihtnL Diagram* and lam pliafaa. 

»vo, doth 17 AO 

FOX, WM., and THOMAS, C. W,. M.E. A Practical 

CrJitf>i4 in MprhuJiii^ LJniHiiuf. Statrtd £cEitien, mittd. 12nio^ 
cbUip KitbpJalGi , --t*--< 4I«39J 

FRANCIS, jr. B-, C£, Lowell Hydraulic BjptrimeAts. 

DoiiLC a election from tuicrinicrita on lliOr^olu: 3("H<>** pfi 
tiic Vlaw at Wiitcr o\pt Wrini, in <')ppii CocaU v4 uajfovm vwV 
anftulnr i«^ti<tn, nnd throtjith cijHmr.nc>-<| C>nfl>o«« and dhtttbur 
l\ib» Made fkl LoiTflt. Hum. i'owtb fdUifli, r«viMrf «i3 
fli/iir^. v^tb tiuttiv T^« txpvriiibtnla, oad illuMraiad triUi 33 
coppn-plaK pugnx'ifigfl A\q. doth, $1^.0(1, 



ariENTIKIC PUBLICATIONS, 



FRASKR, Tt. H., and CLARK, C, H, Haiine Engiae^Hng. 

In I'frnM. 

FULLER, G. W. Report on the lDV«8UgaUoo& into the 

ruhfiCBliun jf tlic Ohio RWer Watcj At I-ouiavjU^^, KciitucLj. 

Companj', PubLishi^d UJidi^r a^rvumvui wjlb ttio Dincton, 
3 rm^paffD platoi. Jto, dolh nf«. flV.OO 

FURNELL, J. Students' Manual of Paints. Colora, Oila 

*nJ Vjruifcliea- Svo. iiJutUn lUuaLriiitii. . . . , wf. it 00 

GARCKE, £., and FELLS, J. M. Factory AccoimU: 
ihrir priuriplrH aiid pmfticcr, A haniftiock for cu^f^untuiUi and 
riihiLuFnchifciv, wi(li m^iK-^iilirE!* \ni Thr ruinu'riMAtun' of tiiAfUlim 

drlailH. tlw raliiiE wf fnrlcinnij fin- . . ] I ■lUi juFniTAut^Lv tht 
lACtory Mid workflliop ncU. rlr,. iiu} ,„l li; J n iv lorsc uuniber 
(rf •pflCimfjTi rulings. ^V/fA EitUitm, rcf^jn^ uriff cxfcTulrrd' -^vot 
oIoVl^ lUustmlod. tCt . UU 

GEIKIB, J. Structural and Field G«olo^^ for Students of 

Piir? >biul A|it>1lEd Si:ii?iJL'e. Wii.li figtirw. tliH|crj»jriH. und Itidf* 
lone itUtes^ Svo. dytU, illu&tial*d nrf. (H .OU 

GERBER, IT. Chemical and Physical Analysis i>f Millc, 

(Ajmieiised Milk, nud liifaiitH' Mi]|L'fix>i, Kvu, •.-loih. . . . H .'i5 

GERHARD, WM. P. Sanitary Engineering. lanso, 
akith ti/Jfi 

GESCHWTND, L, Manufacture of Alum and Sulphates, 

nriii f-ihiT f^pdfe of AJiHTUn.i nrul Iron: their Miu^ ni^ii ;ipplU'nt]nM 
X* mardftiiU in ilypiriK nriil rjiliro printing nnd llieir either nnptt* 
['aliotiB in ih*? ArfPn Mjii]ijfjn.-liircs, SatiUary Euc'uiwfiiie. Auri* 
crulliirxT ail J UortltuRure. Traiialflttd from Ine Fmjtli Ly 
ChnrE^'v Salter, Wkh Ublcs, figures oiid dia^fTiius. Kv». fli^tb. 
iJlufrtmtvd ... nct,$i.00 

GIBBS, W. E. Lighting by Acetylene, GeneratorSr Bumers 

■nd Clrclric Ft»rnn<««, With 66 illu*tmti<ju*. SrvonJ Ii*iiiwn^ 

rrvtMNl. rjmo, plcith fl.AO 

GILLHORE, Q. A., Gan. Traatise on Limes, HydrauUc 

Oraiirrit? Alii] Mortars. Papcra on J'ractical LufciEicohue, Uiiii^d 
5ljkl«« £nfcifii*r Dtbpiirt.mt^ni, N», V. cu>rifairtirtf{ Hi^piiti' <«r iiu- 
mnQVM Expprim?ate wtidui-trd in New York (HW dunbf* iha 
mui isfis lo isttl, induaivc, WUh uwiwpoiw ' lIliutr^tioiuL 
m^cloth $4.00 
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GILL.MORE, Q. A^ Gen. Prmctiul TmUiM oo Ow CoB^ 

TO iUa#tniUi>f:Lii' l£iuu, ckAh 12,00 

— -R^ort oo SiitBgtti ^ tbe BuildSng Sioacs In the 

rmttfd SuiHi. tto. Sto, lUidlnUid, ftocb fl 00 

GOLDING, H. A. The TbctA-Phi Diftcnim. Prscticallr 

AmiIbiI (u fiMuu, Giu. Uil «uJ Air KuftiiMSv* I3im. rbrtli. 
Qliutmted ncf. II =G 

GOODEVE, T. H. A Text-book oa the Steam-cnpne. 

Willi k f4ii[j|i1iuTiftfj1 na Oftft^nglTirA T-tvfflk KdJti&n, tmLsrftd. 
143 iUiuintinrui. l2iiio, oloUi, . .,...., tS^OO 

OOllS, G., F.R,S. tb« Art of Electrolytic SepAntirat of 

ctoUi.. .,..^.... SI.60 

GOUU>, E. S. Ttie Affthmctie of tbe Sieun^Qg^. 
«TO,doth. ., . fi.oo 

Pnctiod Hydiofttatica and Hydii»tAtic Formulas. 

With nuineroiu flcux^ and dingrufL*. (lu S'otdranti'a Sfm^t 
.<;rrvj.) lOniO, ekiTh, Illiuiralod. H4 pp tO.SO 

GRAY, J., B.5c. Electrical Influeoce Machines: Tbtir 

Uurloncnl Utv«topmvuT. artif Mod»Ri Koni^, wilh miCraieiio^ 
for irmkiiifc (^Ltiii>. ^H^ humnxnu fifttrM »rirj ^luiKnimi. S*t«nd 
Kd^Hoa, rertHii and eydar^. I2ma, doth, UluiL, 2ll6 pp^> , -CSvOO 

ORBEtTWOOD, E. CUsatificd Guide to Technical and Com- 

^^uTkB iiL print, i^vu. duth-^ - n«, 13 (U 

GRIFFITHS, A. B., PluD. A Treatise on Maxnins, or 
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Wom) ffcfuiv, bt^HvijJly SuiAnliint. Mxliamiiffil Dvr WiioiU mul 
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W. B. Patents and How to Mako Koney out of 

Tbtfrr, 12rijc^ rtitlt il.jS 
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ILuiilLijtjk i(fT E»E}iifffs. Di^ilpr-JnflkcrB ind 3t«uii-*uier», C*im- 
(ainirt£ a Ijuio^ L-oUcL^tiork ^i1 ni!« nnJ ilatn ralntlnu In rrornt 
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jnf:dludc(iU. rJurdSAUtffk laBM, dotli 11,40 

JAIWETTA2, H, A Gtil<l< to th« DetanDlnttlOQ of Rocks: 
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tuKm, Jyem, ccilut clicuiut*, poiut EmmuinctunrRv dmalu^, 
nn]1pn^r'iTuikcn, oivtK^ And 0urfiL<^^pv oiAk^tii. vT'tili 15 

6(44 lUuetfutiDg tht v-arjcus m^Jiodft a&d enorn Udt nine la 
' dlfleroDt pnjott>ai of pnxl^ijoc. $vd, doih ttft. £9,00 

JEP50IV, G, CafQB, and tha Priodpltt of tMt CoiHtnto- 
tbii. With Aettm.b^-totvB^r^II-pafa and folding placoi. Sro, 
doth, niudltat«d. nri, 91. AO 

JOCKJN, WU. Arithmetic of ttu GoM ud SUvarvrnM. 

Phrparod for Iho UM of JtwcLcrin t'oimttort, Hen^uit*. Kc>, 
*»itf(-iiilly iar rhnw #itgftf«d in Eb» ronx-rminn Kxl alloi^ of 

S>ld or nthirr rnr«t-^N. ihv miring of MirioUi nibftAiuyi*. «4r. 
ith auoicroui oxAjuf^lH, 12mot cJotti.- . , , , , 



Sam^TUlC PUBUCATIOKS. 
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JOnifSOrC, W, McA- "The KeiaUurgy of ffkktl/' In Prt»t 



JOHHSTOS^ L F. W,, Prof., and CAUEROff^ Sir 



£<lif»on. l2mo. cloth 



Cbu. 
4:? 1)0 



JOIVES, H- C. OueiiiMt of EtoctTDcbemutry, Willi 
UbM»i;bd<£a«T4iiu- 4to, ddl^ tlliuktmiud. 11.00 

Sleclrictl IT«tur« of HAtter and RAdloATthity. lanio, 

JONES, M. W. Tb« Testing find VaJuatloa of Raw HaU- 

JOVITSON» P. H. tht MeUifl Vs%d in Coiutnictioo. 

— ^l>eal^In£ and Constructloa of Machine Oeadns. 
CluEtnitod M'o, ^^toth $'2W 

jGPTNEH, H, F. v. Sdcrolozy: The Satncc of Iron. 

iTlj-* (ATirtilution f»f Ir^iu AJ]"y> n*id \nytt.) Tr&Qstalf^l from 
tlif Gcriiuii. Mo, c]i]rh, 3l^(jaEcq> illiutnicd- ■ .,-,-.. rvf, ^-00 

KANSAS CITY BRIDGE, THE. With an Account of 

Iha RrgimriL of ihr MMinim Rh-pr nnd n n«rfipiLCHH ol the 

Enclni!«r, juicl Gci>rKC AIdtikki. AniilBnt EDtcJnrrr. Illtuirmri<d 
niLhAUlhucmi^LJi: \ic<Hsa»iJ 12 ;i]at«a ur iibum. Ilu, dirtli, 16 00 

KAPPp G., C.E. Electric TrnnsiniBAioa of Energy and 

tin Tmn*Jornif»tiflTi. PubdiNiflk^H njiil I^iniri^utic^D. A pnit<(ir«| 

hAiidbook ^\*t*H^i /.rfi/inn, fVTi*f^, 12mo, Hnth, ...... . S3. 50 

-^^ Dynamos, Motors, Altematon and Rotary Con- 

wrtm. Tnri9Lu(<.'ci from Xhv Ihini GrrTH'Ji irjiirwn. trv Hju^d 
H. filiiijmi>ij>, A-M,1.E.E. With utuiieroiu diaj^rAUiia aei^ fiAUiViL 
8vT>. cloth, aOT TWK«- W.OO 

KEIM, A. W. Prevention of Dampness in Buildings. 

TwirrruM ami Dry Rot. Fnr A^c^Lt^cta. RiiiMrm. ^Ki'Tvrra, 
HantiTjT*, Pviin1«»( and llrmAr 0«ii'*r». IVuiHliitril fmm tha 
srcvnij FYTiflTt^. Gtrmon fiU-ion. Wkb coJuird plum uicl dia* 
iCtAiiifl. Avo^ducLi. illuitr;ttcd. ItSpiijitd.. , ....... .^. wf, 12. 00 

EELSEY, W. R. Continuous- current Dynamos and 

Morcr... tmd itirir Control. tK-niff xk »eri«c of ar1irl«i rcprtf^ttid 
fioin i'f\€ Fftvfitat Knyinf*r^ ut\S nvr^pU'ii^d Uv W- It. t<*l*pv. 
Wltb niAiky tlgiiittf and dtagiwnt. svo, datb> Uluflnttcd. ..$2.60 
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D. VAX KoexRAND oovpAinns 



K£BIP^ J. P., A^., EM. (Colombia UolvO* A Handbook 

cl rlockr. F?r uac vilhoLki the micTOBeopc^ Willi a fthjm^rj cf 
Itv Bvnc «( Rxfai And of otiwr lilikukiflioJ Utnu, Third Edition, 
rmimi. £vo, i^Iotfa. illuBtm«d $l.SO 

KEHPE, H, R. The Rlcctricfll Engin««r^ Pocket-book 

of Uodvn HiJcK, Kormuis, TftbiM ud DbU. JIk«Uftt«d. 
22III0, inoR>»D, gilt .- It 75 

KEffNCDT. R. Modem Engtnts and Power GewTmio». 

A lYnf^irhl Work ori I'lirnc Motvrv and tiw TmuwlMOCt ol 
FoiEcr -StAiun. f-IWtHr. Wkiclt, vuI Moi-air, WJili taHot, tig* 
unri. &ud fciU-piice t(t|rta>iuc5. vok, Sto, diMh, iU«Ktnucd, 

115 00 
Siiigl* vuliuncfi, Codj^ ,., $3,00 



Electrical iDStollationt of Electric I'^t, I^w o ip 

InduiiriiJ Klocirioftl MckeK^wry. Wiih '^ ' ■ ■Hiuj i 



Tmclion, and 
(liM^rviDi And (m|ir«vif iffH 



- Vol. 1. Ili« Et«ctiicAl Circuit, H^tcunQMDt^ Elo* 

i^ieiiU £4 Motor*. iJyiuuiiof, Klu^roKMti^ tiVD,di>lk, iUu.. t3,50 



- Vol. I], Insinuntnts, Transfonnera, lostaUatioa Wir- 

iug^dvilt^hcvaiidi^vilchbuafik. avo. dotk.illuaLnlvl, , .. iaJO 



- Vol. m. Production of Electrica] Energy^ Prub< 

MoviT?, Ucritraluri .-iiut Mu^Unv ftvj, dcjli;, iEiu9Envt<%!, . , S3.^ 

-Vol. IV. Hcchontcal Gcftrm^; Complete £1octric In- 

BtAlIaliund: E]rcTnjlyti4\ Miuine aqJ llmuiiG AppalBtW; Klnririf^ 
Tmcljon, Spatial Ap|rlivctloiiB vi E]cttr;c Molon. Svo, <kjth, 
HiueticUd 1,, ,«« t3.» 



- VoL V. Apparatus and Machinery used In Tele- 

M(?djfai SrtencB. S\c. cloTh. illusinht«d . U 50 

(7oTnp]<-tv NcLri uf Iha live vtjltimuu, ,..,.._-. II A (ID 



KENNELtY, A. £. Tfaeorctical Elemcotc of EleOro- 

dynnimc Muuhinvry. QvVi dolZi Si. 80 

ICIITGD03T, J. A. Applied Uflgnetiflm. An Introdnctiott 

bu tJic DnijEu of l^l'?rlruiiin^m:iii: .^tJpvmlux ^Xf, cIvUi. . $3,00 




8CIE!mnC PDBLlCATIONa 



11 



KIHZBRUl<nVER, C. Allcroate Currtnt WiodiiiEo; Their 
and ftU I'riLCiiakl Mca, h\c, cJotb, lUij^ntcd^- iwf.fl .QQ 

Contifiuoiu Current Armatufes^ Their Wiadiog and 

CuTwCrucriun, A liuiillirjtik Tiir 8Liidput4. I>»ignm, and nil 
TmrtiraJ Men. Svo, cbUi, iUu»lrjLot|. riff. $1 W 

KIRKALPY, W. G. lUuatnitioas of David Ktrholdy's 

^ysMni of Mcchcuikio! TisiIlilC. lU Ohtfiiuil'il anj Cnrna! Mt Uy 
Eiini [luriiic » Qiiartrr -rf 3 *V-iiturv. Cr^rnpriwiiiC a Lotep S<[«^ 
twa of TtomJatM HnulU, «'i'>winie Ihc StrvufEib and ot!i?r Proper 
tM9 ol Untcrmli UiHj it L'oiutrucl^on, i^iti* ijif^mioty TMt 
And Hbbsrii-at i^koLrti . Niim»imri«^nsf»virijpi &rid 2b JithJif^mfilittl 
fdAlM 4ti.i,rbth , JKi.CJO 

£1RKBRID£, T. £ngravia$ for ULustratioD: Hisiohcal 

niL'j iVnrtitnT Xolffi. HiTh iJluAtntiooa and S plotfv b>' ink 

p-j.ttLH pro*:v^. Sto, cloth, illunlrulcd- .-,..-,-.-..,. ■*!. (l-SO 

KIRKWOOD, J. P. Report on the Filtration of Rircr 

Vr'at'n fur llir ^umit^ «rf CltR^t h ]rnii:runJ i'l l-'iuiiii'^ iruwlir 
to the Bo«n| of WfUcr Gamil^noonB of Ibc Crly of -"^t- Louif- 
niu«trnt«J hy 30 duuMc-pMCo ftd^nvIruEn. Ko. cloth .... fT ^ 

ELEDV. J. F. Design of a High-speed Steam-engine, 

Wilrk nntvH. itmf^THiiiM^ iorittMlxi xitd i^iltlHa. Sfctmii A'j/i/rcn, 
mnitrtt nivi n\i/jr\j/tt ^vi\ HitTh, illnM rji]r<1 ...... . . nrJ. J*^ HO 

KLEUTHAJVS, F. B, Boiler Construction. A Practical ax- 

fffpm ihr- tuying mil of ihoctn ft> thr compUted Boilpr. "VViTh 
itiikcniiJ^x nmi tii\]'{ni^<e I'lj^ru^irj^. S\o, rl^'Ui itiuiitnbird, 93.00 

KNIGHT^ A. H., Lkul.-Cam, U.S.N. Modem S«ainan>» 

dcth, UlUfcLrhlvd. S^cfut Ettttwn. rn^JiiW. .... ....... fwi.Ki.iJO 

Halt iijorutx-o 17.20 

ENOTT,C.0.,and11CACKAY, J.S, PracUcaJ Uathematica . 

with iiiif[U*nnji< I'AiifiiplL-s. fiKunsi nj*il UitKrniuii, Sru- KdUn/a. 
&vci,dvtli, Jlu*U»l*d ^M 

KOLtfiR, T. T1i« Utllizatlan of IRTast* Products. A 

Tmlw oti thr l(fttirmnl rtiHtfction. Rwiw*-rv ntuH Tn^liiiMit 
or WuiA Prodiirln of all ktniU. TmniiLaUd from ihr Gprmm 
Ufftrmi rrfvimd fdOum. WlUi niifiitfrcHM ilUgruiM. Svq, doUi, 
iUiuini«d .,, , n«r,f3.fi0 






U. VAN ^tx^TBxsn vourxsTS 



KOLLER, T. CocDMdet. A Ha&dbook of the Hiftnfuttm^ 

t.miilnVRHnt And TmCim o( aU Vtmmirttf tiiTtmU ■ndl'—Tto 
ItH. ItnwUlBd mn the Gc*sttii tn Oim. Sa)>ck Sto. 

_*rf,e BO 






KAAUCH, C, Dr. Tmiiic <4 Cb«BUcal R^tgrntB for 
Puriiv. AtfihoriMd lAuIoiio* of Uw 7JkW Bt^tifim, W J. .\. 
WiOUiwoo and L. W, Dujira. WjUi ulAEioaB v^t w^A^tka^ 
b/ Uw ftttUtfir. Sva, doUt. . . . . . wC, «| . 00 

LAMBERT, T. Lead, sad lb ConiiKmndL Wltb xM^ 



- Booe ProdiicU «md Muiure*- An Accoual of 

%l* THoM rnv&i taBR>tTORUfl in ilv fiiantrfariun of Fst. GMw, 
Aiunul CUkrTua]. £m, OdftUv uul UutUMi. Wttli pbii* vid 
«A^:uu>. Sy^ doth. UhHtnud. ptf.f3.00 



LAVBORH, L. L. Cottonaoed Products: A Uftntud of tho 

Trebtcvdt o4 CoKtOiiste^ loi i\a TioUiKla *iid IhKu I'lflJialiua 

iai dm .Vrtd, With T^lav^xnB, fiJHi^e fA*lv^ *«] » kne 
fuldli^iup, Svo, doth, iUiMfVted srf, 13.06 

Hodera So^ps^ Candles, tud GJyceha. A prattlaU 

maatifll of modoni cootiKKli of uiiliuljun of tnt« B»d UiU in Ifae 
manbfvlurv of Softpa «nd Ckodlan , ddid tJkt ncov^^rv of Glyc«Tiit. 
»Tio, cbib, iUuitnitod .«•*, 1750 

LAMPRECHT* R. Recoverr Wotk sfttr Kt ^na, A 
d«u^|>ii<:'j^ iif iliv pnncipaJ mitiwdB pHnued. tvpt^iaUj hi iWr 
&u]ic«, ^(id of the TBxioitf oppKuieM CBKihijrO* ttch a« WB g Li»* 
•or nnd nam* *pfHf«tui, «"^ <rtc- With foh£iic pUu« Kiid 
Agnimj- TnuuiMcd fvom Um Ckmia bv CSuda £UUt^ ^to. 
doth. OLiulntAi « wiitf.M.OD 

LAARABES. C S- Cipher ud Secret Utter and Ttlo- 
empVii? C^xU. ^h tt^t't ImpnvMbrKU. The moit paitMt 
Swrci Codo «T«r htvnnted or diMOVHvd- ImpowJblo to md 
without tbokpy. IHino, cloLli- 00 



LASSAR-COHZT, Dr. As Introdocttai Co 1lo4ani Scita- 

AoilicT'ii ntTWfftl pnwr* for ibt mtmd Atfnum Mirutt. br 
U. U, PatlieoiiMuir, M A. 12mo, doch. murtnlnd $2 A 



fiCIKNTIFIC PUllLlOATlO!JR 



iATTA, H. N, GftS Ea^ccrin^ Practice. 



With figtif»» 

/n /Vr«. 



LEA5B1, A. R. Breakdcwiu «r Seft ftsd How to Repair 

TtiCfQ Witb^mimtruliooA. SttaFttt K<lih0<!%. Svo.tknh. f2.CO 

^ Triple and QuAdrapte ExpArtsioa Engines and Bodkrs 

■mi ihtfir MAnsm^Eqrnl^ With JiV iUu<tniti»tu. TAtrd ^tti^n, 

mitnt. }2in4}^ p(dI(i. . ................................ 12-CO 

^^ Rcfrlge rating Hachhicrr: Its Principles «iiii Vair* 

■gemvDl- ^Itlk C4 tUmimibnc- IZmo. doth. M2.oa 

LECET, S. T, S. "Wrinkles" in Practical ffavigatioo. 
anJcft/aryAj-- . ..114.00 

LEFEVRE, L, Architects lal Pottery: Bricks, TUes, Pipes* 

[ iivmir'lrd Ttrra-VoliiLii, Ordiiiun' LinJ ItjitujU'J tjuiunffl, Sionc* 
i*W MuMJu. Falcons juid Anliimiunl Sumuwivfr- Wttl*! 
■jtbtr^, iilalM d"(l ^&> r-UU iirid iHiiHr rat unit, Willi n prrfatr by 
H, J,-Ct Formijj^. TrnnfJat^d fiMfn Ihp Frtnch, by K. it iiitd, 
MA. Atid W. UuoTB BiiLiLi. Iio, ct^th, aiTUirmlcd vf, tT, 50 

LBHnER^ S, Imk Miuiufacture: Including Writing, Copy- 

kiK. Ulhi>i£r;i|iJiii'H M^^rkint;, ,^MJiipiiL|: jiini l^uiidr.v 1iiLf> Tniii»- 
Intvd {t\fvu X\iK Jl'th '-rrr'niri tdHwri. Ly .^rtttur Morru aiiil 
ilcrbcrt Robnu, hUc. J^vo, dutli, iUiiAlmUil >vl, t2.S> 



LEMSTROM, l>r. 



, »., Electricity la AgricuJture and Hortlcul- 



LEVY, C- L. Electfic-Ugbl Primer. A simple and cont^ 

lliv riniii^^£ i'l t]i'- dyimntun utid elvrlnc IJi^iU, with prrcauLiaru 
lor aTm/- For itir um of perwiw wlicjue duly it b tv louk titWr 
%ht pUfit. ^vo. pnper. _..._.>,_...,.,...,,,.,. ,60 



UVERMORfi, V. P., U3d WILLUMS, J, R<iw to Become 

ft Compnlrul MolorniflFi, iLfina th iVpinri™! Trrvticp c* the 
Pmppr M*iho*I of Opcniting a Strwt ii*U«Tiy M^iar iVi; iJftu 

Imtrtitcd, J^^pogK. SI ft) 



H 



U, VAN NCeXRAND CWMPANrS 



LOBBEir, P.» MS. BUduusts- md Dnftaws's Hu4- 

a* Appkd to the mrfhatiifBl tnckB. IntcoilcJ lu « nJcFmev book 

cvu ubi diagrunvi, Mv^dotk.. 93mx 

LOCKE, A. G. ttnd C. G. A Pnctical Treatte oa the 

iLfurtTfiirlUf* of SnJphoTv AffcJ. \1 ttl* 77 «>ii»»rTt'ihw pUtM, 
dmwn to «atl«- mfjo w t mu , uid Mfa«f UkMrBtimu. ttoi^ 
Svo,HD«fa, .., tlO QU 

LOCKERT, L. Petrokna Motor-c^ra. iiaKy^ doth| %x^o 
LCCKWOOD, T. D. Eftectrldty, K8«Mttan, tn4 E]«cin»- 

liuif#ctAH. Svt\c^iili. T&iAfiftMkM t3 5rJ 

Ekctricfti Hesfiuremcnt mmd tht Galw]oraet«r: iti 

<i:ith ._. . $1 W 

LODGB, O. J. Ctementjiry Hrchanlcs, fodudlng Hydro- 
SignaUing Acvocs ^aue, Without Wires: beUig ft 

dMfripcioji of th* work -'J \l.-nt iml li* »urt«wot» With WDiv^ 
oiu dj»Ar«TTis friul hflif-ionp <*uu, «iv] iiddiliOEiAl msAfki ecvt- 
rrmtntf tlM AppUoukm lo Tekgraplijr uul buor dmkiftfn*>nu^ 
TAird Ci^icnk 8vu> duth, Ulistrain] Mf 12.00 

LORD, R. T. DecoTmtire end Fitncy Fabrics A Vilmible 

book fhtb (kvwKn u>ii lUti^ntiotw f« imrmfaictunnt And de- 
■i^Mfi of Cup*t«L l>iimji«k, Drw and aIJ Textile Fabric*. Sto. 
Hrrth, lllll>tflttnt ikrf.Sl-50 

LORING, A. E. A HuidboiA cf the Electrfr-aukspictic 

LUCE, S, B. (Com., U. S, H.)* T«zt-book of SttmtBiUp. 
Tlv F^t^lpiuu «uid HuKlLir^ of V«wb Uftdw tiu3 or 9l««iii. 
For the X3m ni Iho L', 5. >«i^ Acadvmj. Jim*nf 4«uf ««£amd 
A*iian, by t.kut Wm. & brfuDEi ftvo, do«b, iDiAntfMl.flO.OO 

LtJCKE, C E. Gas Engine Degl^. With Jlgons ud 

diai^mns .^fMfi-^ iTiliru*, r«A«ri. ««i>, rlriib, illuilrmUd. 

lur. «3.oe 
— Power, Cost and Plant Dentin uid CotutrucUon. 



XQCIQG, C, Ep Pcnrer Plant Papers, Fona 1, Tlu Sttaoi 

PoBif PImV TunpAiki L'^.' U^ 4<f, 51 50 

XUNGE, G., Pb.D. Ccal-tar and AmmooiA; beinf; tho 
third A*d r«laip.^i cdilkiD oi "A TKatiac on iho DaitilUlkai of 

*rHl dUff^im, TtVwk S\<>. rlf»ih. illattmtr^ ihrf, tIA rxi 

— A Theoretical and Practical Ttealive on tbc Man* 
tifEurCurcaf Sulphunv Add nnd Alkali nith tfaftCoUnurnl HpiuvIu<«- 

VoLI. Sulpburic Acid. la tvo parts, not loldseparaUtr* 

* Vol U. Salt Coke, Hydrochloric Acid and Utlaoc 

Sodik, Sm-vfiJ Kd%ti0H, rerittd jnJtnlaryni, Svti, cJcUi. , . (1 5. 00 

Vol. in. AmiDOoifl Soda, and various otli«f proc^iMff 

ClJonii™,'>;-riwtroIj™. ^To, dulii- AVu'£'<rinon,lW6. , 115 00 

" and UURTER, F, The AUcali Maker's Handbook. 

TibJw AUit Acinli-lnnl Mi-ili^'tlfl f^if V4Hi*-'&t turern of SiJ^jTiurio 
Arid. Kitric Acid, SuJa. PoioAb ikud Ammonia- ^ccum^ £'ui;jini. 
12iaa, doth , t3 00 

lUPTOn, A,, PARR, G. D. A., asd PBREET, H. Elec- 

tm-(iv nn A|j|rlivij in Mmiu*;- ^'JUi lolil™, dlocnwiu &nil fcMinj^ 
|:lAt«». ^Efwid ^'njiiivij n^ri^cd OfK^ rnJorvecf. 9vo> cloth, ilJuit- 
lflfct*d . -- .,...itcf,» £0 

LUQUER, U M., Pti^D. {Columbia Univ.). MiatralB i& 

Kook Soclion*. Thp J'rnflicnJ Method oi Jdentifymg Miimli in 
Kofk JH-t-ij/Jin Hi(t thtf AI it'n*in'*>p4-, Kjipwi/Ufv AiTj^uEtd for 
$ttE<t#^rii" in liynmiTfi] nnd 8deDUnc dchoolc kfwrtt hUtiuvu 
ftvo, ddthn lllvKtrstcd i tm^%{ M 

HACKIE, JOHV. How to Hakv a Woofen ViU Pay. 

^\n. <lr>th -.--.. n#f. %J IJI> 

MACKROW, C. Tbc riavaJ Architect's and ShSp-buildrr'* 

rftrL»'l''>-n>k 'it Fcrriiulji'. Hulm, xmi Tnhlm- und llngirjw™" uiM 
^tvnyprt' llaiKlj' tkiuk *jf Rp/ctrnce. £'uAfA ^.Vf^i(in» ^v^p'rf 
und rniiirv^J^ 1Gjjii>, hiuf l1:»lJJC^ illuintnilrJ. - lA 00 

XAOUIRB, E., Capt>, VSJi, Hie AtUck and Defence 
of dnvA Kr-irtinr^ikiiiK WUh nutpa And numt^nius jlluJifntinni, 

Bvw, dvUi... ,,. 9i.af> 
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D. VAS JiOOTRAND OOMPAKTS 



HAGUIRB, WU, R, DttncMic StniUry DrunAg^ 

trvo ,., .,, , , W-OO 

UAtLLOUX, C< 0, ElectKHtrAetlOD ltAthiDtr7. 8tx>> 
duih, Qlufltffttftl, .,,-,,,,.-,.,----,,,,,►,- , , r t/"* /*"«, 

MARKSi £* C. R. Ifotu m tb« Conttiuction of CraD«9 

^0Ui onJ tnlar^ai odition. iUmo. dulh- --,-.,....,_- -Mf,|l,£0 

Vole* on tbo Coustniction and Wtwklog ol Pumps, 

With L^atva. dXa^miva aiid tmgrftvligpi. I2iiiv. dviK vtjw 
Intod mC. 11.5(3 

6- C HydrttiHc Fewer Eagineerlng. A Practical 

HoflUEi] <Mt the ConcpntmiioTx a-nd Tmnnrunon of Poiovr by U^ 
(Iruuljf MjiE-'liiricry ^^Lth ov«r ^JUO diagruu i£d Imblaa SvO, 

4l'>ih, dlusTniiffd $3.50 

MAASH, C. F. Reinforced Co&crcte. With full-Mn «aJ 

foUliind pUlfv. uLi] £13 liifiiro? aui diA^rtkui* 4Col cloth, iUu^ 

uitftT ,,>w«, tr.oo 



UAV5R, W. AmericaQ Telegraphy: Systems, Apparatus, 

OpvT^lioa. 45(> illiiPiraticm«^ Bvij, liolh-. . , ............ $^.00 

MAYER, A, U., Prof. Lecture Ifotes on Phyaica, ftro. 
dciili 13.00 



Mcculloch, R, S.. Prof. Elementary Trettiw oo tha 

Mcchiuucftl Tlvory cj Hcut, and iL« Hpi^i'^liun tk> Air Mtd Sltwt- 
tiugince, 8vo, clotb. , fS.fiO 

UclKTOSH.J.G. Techiioloey of Sugar. A Practical Treatiae 

l>«t. WUliiii:k£raiuit£mdlaUM. 6tu,du(li, ditultuXcd ntt,^.SO 

— — Uanufactut^ of VamifibeE and Kiodfad Induairiaa, 

Bued on and mclndinjc '.lie "IfryinflOiU and VHTnithH," ot 
A<rh_ I iv^iHiH Vftlnniw T iH\ CrxinhiTsa, lU-ftnlirp *iml BriifaiM. 
M&nuf:i<Ttiri? of LIiloIl^iuei. PiiriLiiLC mid Lil1ju4£nkLjhir I&ki. an 
iTidiA-riitilxTi' f^tj|j:it]iuti?i, .'^bfOFid ffrotUl}/ adar}ffal En4/!i±h fiff- 
firm. 8vi>H clMh. ilhmlrar^d . . . ....,«,.,..,..... Acf. (3,00 

" (To bo oompWtc m thfvc vt^lumca.) . 
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BCTETiTino pruucATiorfa 



tr 



31cH£ILL, B. HcNeUI's Cod«< Atuoigpd to meet the 

io|uin^mc3U □( Ulrui^, MetoUuivLcAJ mad <^vll Enniiirviii, Dirrr- 
totv of S^nbjt. ^Dcltirx nnd otVr Compaain, B«iik«rF, Stock 
ftnd Shuv Brukm. Solicilcn. Ac«0UE)Uxit«, lliuacicn md 
G«ib*fttl U«rdiwiU- S3«t*ty Mod Soofttcy. Kvo, doth' . S< 00 

UcPHERSON, J. A., A. H. Inst. C. £. Watenvorks 

l>LilflL-iitigu A pftdJcA^ EuidcT Co Uic Uyi^tg aut oi M>:<EvQjn iif 
<Ji«iiributiig; iiiaiii* fur lUr Hipplv of waU-r >> cilii-A umi U'lAtm 
With UbEf^ foldinr ptaUn ^ad nuniprouia full-pc^EC dini^iuiitf 
£vo. flotlk. UliWtfniM ,.,,.,. |d-64> 

UERCE, E. Chemicftl ReA£:eDt8: Thtlr Purity and T^sts- 
MERRITT, WH. H. Fl^ld Testing (or Gold ud SilTen 

A Pncti^aJ Uanu&l for IVmcpwtotv Lad Mioon. Wilh nuiji^miui 
luilf-toiio cUtA, Oj^UK-j uuil Litblcd, 16rtu>, Lmp Uallior, iJlLi«- 
tnird *I.W 

HETAL TURfilliG. By « Forrauo Pftttem*fDaker. Illuf- 

irsUd with 31 riiKTiviiifcn- t-tjio, lUuth, - _ , S) .CO 

HICHELL, S. Mine Drainage: being a Complete Ptac- 

tiCdJ I'rcaliw on Diwcl-nfting Liiicjorgrouncl Sl'^Hin Humpma 
MirhifkTi' n^nr^miri^ mniiy friUlJiijt jilnf«v, rjintfrnimv ntiu 
Ui\t\em. cirtcful £ffifu)n, rrumlten and eniarfftd. Thk:k Nvo, 
dblh. ilJiuslr»i«^p, tlO.OO 

JOERZmsia, S,. Dr. Vtierprooflng of Fabric*. Tras^ 

UKvI InjjtL the U<<ni)jm bv Arthur Uofna ahiI 11<-Fljtrt K4.ib*oti. 
With dingnriiA taul Hgtin*, Hvo, ck>th. illiutraUd ntf.fV AO 

Miller, E, H, ICoUunbia Univ,). ^QADtiUtiTe Afialyais 

for MiniiJK Kii|fiiirrra. Mvu. t^lnth. , n^. (I 50 

HITflFIE, W. Hechanical Drawing. A TeiUtiook of 

Grometrirmi DmwiniC for thi^ tw nf M^vhrinii* unci Sfh-wil*, in 
whii^li tin" T><^fmiiiiii« mill Ruii^s of 0(^u(ri<-lr>^ xrv Sutrnhnvly «- 
llUiDHf; Oic iVk'-iKMl EW?LrrriH iir? aimucinJ fnriik thr mut 
■Jmplc to tltt luuiv <:oLT][Jn, and ia tlii-ir Ji7!h'rif^ALi.«i^ l^'rlijiiritlilwa 
V<H BTovJci) ju iiuiLh Afl pii*itblc, WiiL ilJiutmtioiu for drnvnojc 
Huu, Srctioiui. &nd i^l^^vtiofu of lUilABva ttud HoiffhJntnr; on 
lfitro(]u4!llf>]k to lAomoLricftl Umwjiig, ftna on Kmv on LinfAr 
PcrvpvctLv^* [imi ^biulnwri tlhudmUd wrth nv^ir HtM diBi^rnau 
cngmvivl oFk >t«J Tnvl^ ThmiMruf. rtn^rd. With «» Aptwa- 
(fiJE on llw Thpor;- arid Applii^AtUMi i>! C<ilor»^ 6i<o. dot^ . . N CO 



» 



V. VAN NOSTRA!«n COMFAKTS 



JUJlflB, V. GvooMrical Jtnwfa^ Abridged Iram 

•ttno Odhiofi, for Uw 1UB el ■f*finlM iDwUtUd vrUt 4M 



O.OO 



VODERJf METBOROLOOT. A Sena td Sx Uctmv^ 



18m. niitfintod. l2n)E^ doUi. 



« 



HOOKE, E. C 5. V«w TkUm for tfai CMnpfalB Solu- 

tiwi nl GsEnilkM uid KuU-r't Fnnmdft for tht &>w ol liquid Ib 

■ruiMj fm lUW ipdiMliwii tcwsi. I owr I to 1 ovir 21.130 for 
0Ubb AbmA whw «f (n). IWt U, Cor um vith «■ «tfccr 
*abM» of («). Wilk kcBC f<U^ di^nb, 9vo. ^uth, 3t^ 
tf»i*i iiitf.l5.aa 



UOREDIG, C. A.^ AAd IVfiAL, T. ICew G^ocni oad Mtniiif 
ntn 111 TngwTir tw mc My " 



Mock brbk«t«,finaiuU 
IS.W 



HOSES. A. J. Tfaft Chancittii of CrTStals, An Zntro- 
Vkd diJIC^oiB. 8tO- ..iwf,i2,ao 



aod PARSOIfS, C. L. Elencais of IDiMnlogy, 



(rv^rnJlotfriptiT kit^ BkiwpCM Aiuljiu from ■ Pnclic^ Stmul^ 



30 

UOSS, S. A. ElMDMitB of Gas Enffiiw Dedflca, KMrint 
of b Sc< ol S<Mm ii«c«aeirpumnt ft CViiine «l LwUb«« iMiWod 
M CoriMd] Tfitvttrtitir i& 1002. ]6tD0, dolh, Uiuttvtod. (Vaji 
NcHtwur«l>d«no*S«nc*V ■ tO-SQ 

MOSS, S. A- Ibe LAy^ur of CorUv VaJt* Goatv, (Von 

Xn'ttritnd'a >rJr*rt ^fi«,) Ifkno, ^.-i^. illuiinUicl. . . - fO SO 

MULLUt, J. P., H^. Modorn HouUtttg And PatMra- 
niakiac. A Pnftk*] l>afttiM upan PU««ni4hop uhI FMUuIiy 
Wcfk: «inbr*(n4r the HoinldBi^ of PuBv^t^ Spur Gam, Wf«Bi 

CyliihVt, VAr^H' VftlvM, TaoI Woric, Utcdnc UArtiiiwcr, Sfuvw 
PropcBFm. I^U«Tto«bcip y^Mtter^^ ^ad utc iMnt lirqitivra- 
lorola ■» Euclifb »Md AiunicaB Ci^ioIh; lopttinr villi « Imh 
odIectioD M orkiM] vud oitfi^ «l» ci ed Rite sad Tjildw 
Ipt «T«CT-dft]r <aie to Uic DiwriaK OflbM, pAttenr«bop feiid Fouodry- 

isbo, dotb'ffliMnted. ' taw 



sciEvnnc pi'bjjcatkws. 



99 



iroilRO, J., C.E,, -nd JAMTESOIf, A,, C-E- A Pi>ck«t- 

hfKt)c fit K|*<'(rir'4J Htih^ sjiiL TiiUh f^ir lh<* uw of K|«vtriruuif 
ntti\ Fn^ntWM. FifUmnlh KA^ttm. rifwtatJ ami *nhr^t4. Wnh 
DumvniUA dbgrviu- Puckul d*c. I jvuhef - - . fS AO 

UURPHY, J. G., U.K. rmcticftl Mifling. A ^ald Muitinl 

for idiiun^ Kuj^iocni With UmtM lor inraifttm ta Hifitii|£ 

Pi\ip0r1i04. lA»c>, f'i*iiU 9i w 

IVAQUET, A. L«gA] ChemisCrr. A Gu!d« to ttie Detection 

of **o(*>fu. FilMri'ifttioii oi Wmib^, Ai3uHi-ratii>f» of AJtmf<iitury 
bii'l PhhrmibwliliL-Ttl SllVulHiin^ AjkiJvHkN i,i AkIifi, pn«t KxnlrU- 
niibn nf Hajr, Coinx. Aniv aitit Sljun>. u appltiNl u. (lwml«ftl 
JufUpriiJiTnta.-, fur tTw iini nt V\ti^ttiUl». PhyHunAriM. [^wypinv 
riiBnxtACUC* and Ejtprtl4. Ttn^uJaloi. witb oUdiiijiui, imJudinit 
A llflt of bodlw Aod mnnuin on ToxioJocv. ctc-. fn>]ii llio Prvsch, 
bv J. P. BAitcnUtiiU. Ph 11.^ wirh « Pr^f^u^ by C K CkAndlcr, 
rti.a, MD, IJ-a I2t^>, t'oth tt.OO 

NASHITH, J. The Student's Cotton SpinniDg. Third 

Kdiivm, rci-iMd and cnMrfttf. tiva. clutli, ft2l! papw, ^^ illUif 
tration*. S3, DO 

HEU BURGER, R., jmd NOALHAI, H. Technology of 

Fi»tnjle!jni. Tliu Oil bttikU iJ thv ^nHd- th"JT Huit»>rvrO«^:- 
niphj- iiTiH Tir^lnay Ariru^uf PrvJurTinn, Prciipf«^tioii fend l^v^IofV' 
metii: V\\-vpI\ nrilliriK: lVnrikp.sTtai.niiA ui PuinJ-mrti hv Lirid 
iLUrl 3™. J<t(.if*p- Iff iVlrnl.iHii VTiih 1M illmtmli^Jm'jOHJ 2S 
pbtco. TrcickkLiii^J fnjm tlw t'rvuaJi. by Jubu Gcddiis Mi:lnL(j«]i- 
Svo. dolh. tIJuHtmirMi wl, 110,00 

ITEWALl, /. W. Plain Practical Dinrctiona for Dr&winc, 

tiifliug mill t^kitlitiK Elcvfl-cfiLra, i^joivlejj^ liow ihs Tcoth iiniv 
bo out m a FlnicL MiUiniE Mui-4iit]<' c>r C-mr Cutter «o im to 1:1^1^ 
thctfn a iTortwt fiiApf^ fmm ond to riid; And ihowin^ how 10 get 
out all pHTtkulum ii>r Iho Vl'^irkuhop mthouc nukki(i|( aoy iJrufr- 
mff>> Including >^ ^'^^^l ^^ <^ Thlilu* of Ha'fitrviio*, KnldiriK 

pintm ftTO.doth . fi.an 



PEWLAITDS, J. The Cftrpeat«n' and Joiners' Aasistaiit: 

bi?iT](,- A L!iumpnhciuivi« Tnutiw? ori Uic Solcciioa, I'lr^piraliuh 
And Strffimth of MaEatIiiI*. and Hi* MeHiuniirRl HniHfnJiTi <if 
FTiimiTJE, wtih lli'dr RppllratSi'-n m Tjirp^iitrv, .Tuiirrry nod 
Hiind-rA^UTig, alay n CnTuplnr.^ Trmr.!!!^ nn i^^np^; and An ItTu^ 
tmt^i (ilirwiin^ c;f TiT[ti> lined Itl An-liJln-tun- and ButldJui;. 
QwlRilcd, Folio, h^ mcrocx^ tIA.CO 



D, T 




40 



IflTUER. F. E., AJL TtMorr ol Hafnetic McftsuitntcaUi. 

doth. tlM 

nOLL, AtTGUSTUS. Hovr to Wir» Buitdingt: A TUn\ 

lit llie Art ol IiiT*njx' Wwrng. ft'itii mMny »lhi*a raiUTi* >'aiirlA 
AW^on. »V0, ciulbn ninMni4xl Si Ob 

ITTJGRNT, R. TreadM on Opdcs; or, U^ht and SIgbt 

T^.iT*>»l»o*lly uml PVfer1i<-»llr Tt<mU4. with thr Applk^Uoc lo 
l-lni> An ukrl IndUAfUl FuouihA WlUi lO UluitraOup*. l^now, 

ri^ui - ,. ni.io 

O'COfllVOR, H. The Gu Engineer's Poeket-bocdE. Conw 

iirvuif TikLilfw, \ntcA mud Mciuof>a<U nlatk^ lo Um Uaoq- 
]AriurY< iMnlnjiirifi hud IV of C<iiJ-ch and Uw Ccnuenuiiaa 
ol G*«-w««U. JitfoMtf JfAikMt. r«t<Mri. 13b^ fill ImUmt, Mtt! 

9srm 

OLSEN, J. C, Prof. Text-book of (^uantiutive CbemictI 

Ai«Uv>i* l>y Gr»vin»irv, ECl<^fclviic, Vtiumciric had QoMmHne 

Am1>vu of Pure Shiu, ALoyi Minvnk Ami T«ciuu4arPMiMU. 
U'lUi QumDfoti* fagtirw Bbd au^^rmmi. Acwi4 fiifkfMii, mwd, 
Kvn. i^kith Mf. M (O'i 

OSBORIT, F, C. Tftblcc of Momentx of Intrtiji, and Sqturvs 

%iid Stri' ^^irvn^Ti of Wmiurht-tmii Colurnli*, Smfr Stfrfigtli ^ 
Tbnber lk«jiu^. ji»ii rVui^LiujU' for ttiufiJy olita^ijiiitf tlw SMring 
SuoRftf UcseUoaa uiii 3riiifiit£ UomcoU ia 3«iiiie Bhibci*. 
PiHkEdiiiaft. l^^o. l^iLtr n«f, S3 OO 

OUDDf » H. A. SUnd*rd Poljphue Api>&ratua an^ S;»temi. 

rtrwd. Fully iIluUr>I«-J 13 CD 

PALAZ^ A., &c,D. A Trcatbc on In^tutrial PbotoiD«tf7» 
«Jih ifvvial api^cnUob tp libctriv Li^jtbc AaUvKitod trvoo- 
laiiofi rmiii th* Prtncb \j Qeotiee W. Paiifnoa, Jr. 5«ntfBj 
fyifun, rffrirtrf. 8ro. rlntfi, ^!^J^^nlffd N OO 

PAUELY* C. Coliico' MAOAsei's Handbook. A Comprr- 

I>f«iCfic<i tut * tc<<k of nfi^reiirf f^r <t>l^ki*f7 nuitte^ra and for the 
ate of cv*]-niimn|[ nindonid nropannc let itnt-nus mrXitbnttt^. 
A/H Sdilum, rntvrf rtftrf rnjff^prf. (^nloirtii^ <iv»r 1,000 *Ifn- 




SaENimC PUBUCAT1W8. 
7ARR, G. D. A. Electrical £D£ln««ruif Meainrlnc Intttn- 

ni«iit«, fur LiKTiiTtcrciAl iiid Li^tviraioiy FofptMBiL With 370 
dtagrTUQA mil cngt^vta^, ti\o. <ljth, jUu»|jM«J, . , , , .niri, $3 SO 

PARRY, £, J., B.Sc. The Chemistry of EsBintiA] 0U« 

kfid AritTii-iul fi-Ki]mA4, B#jei|i hu ullpnipt to ^roiip tocoth^F 
ttiv more imporiujii o( th« publKiiod fjwu o^nnepUd viQt tfa« 
mbfKf; hIio giving in ouTllna of tb« prinoii^M Jhvi>lv«Ki in (h« 
jV^[iHruiir>n »riJ aufUirnH of KHwril^iil Oibi With Diiniemuii di«. 
CCfuus cud uUflM. 8vij, cloth, illuBlRUod Btf , ff DO 

md COSTE, J. U, Cheniistry of Pigmeott. With 

IaUm *nil A^rcai. Gva^ cEulh . , nri. S4 ^ 

PARRY, L. A,, H.D, The RUkt and Dan^«ra of Vfldous 

Om njtfKli of man nf 11^1 irrrn, The mrrltJ^nl pmfrsiian. unitary 
iiuDccior>, nictiiml aSWtttn ot liiulll^ ruxiui^i^rs of Mirrlu, fcir*ni«» 
ftiid HurkmcJi, Svu, cljUi ncf, S3-00 

PARSHALL, Q. T., tnd HOBART, H. U. Armature 

Wjijr)mK» uf bll*??lrk' Mnthiri*;?. With HO ruIL-^rEmv f>lmt«, TS«t 
l«hluAiid lUA IJUffcaof dociipfivt! kilcr-|>[CA!k ^to.dulli. f7 >'30 

ftiid PARRY, E. ElccUtcal Equipment of Trunwaja, 

in /*«**, 

PA5SH0RE, A. C. Handbook of Technical Terms tiscd 

111 Arrhitwlure iLnd H^iiIULrjfC, nnJ lliiur AtliiMi I'mtW nn^l ^'^■jh- 
jcctA. ^fvo.cloUi ndt, SS.iiO 

PATER501T, D.. P-C.6. Tha Color Priatias of Carpat 

Vnrnn A uacful mntiunt for color ^ht^mnU uti*i tcvlit? iitiulf^r^^ 
With niimflroi^i' JlluktrAtjonfl. Nvo. cJoih. iUuflTmt«d. . nti. $'i.Si} 



Color Hatching on Textiles. A Maaual iotacded for 

i\iD tip*i '>! Pvi'f:*, '"lUiiu IViiiitn. and TcKiiIo Color OhrmiMA, 
ConiftinirLg L^olorod fKirLiiir^iv\> iirjij 9 dliiRtnUiQiirf, And N d^?d 
paiCvmA in appendix, bvo, doth, iUuitnted. n^f. t^UO 

The Science of Color Uixlog. A Manual Intended 

for ihtt ua o| l>j'on, Oolioo Printcn, &nd Ojlor L'iiomi^f '. Wif-h 

PATTEN, J. A Plan for Iccreating the Humidity of 

tliv Arid Kj>f(mri uTid Out I lUuKdon nJ ?^nia ot tlio <>rofl1 Kivom 
of ihtt L'rif^d Sln»^« W |\i^-»<f uml *i*ln"r FtjrjwM^n. A rmfwr 
mmmunipnl(wl to ihn Xjilionnf IrriK^Tion i7oncrrf«, Oifilpri. t'(«h_ 
SepT. 12. I9»J* 4to. pJUn^Uet. W pJH£V*, wllJi 7 map*, 41 00 



D. TAK SO^mAND OOHTANY'd 



FATroX, E, B. Lactttft IToCes oo Cr7>tal]oe»pbj 

Anitni £Wirvn. tousfr fwrifOn PiTfiunJ for ur uf thp aio- 
donU fti ibe Col<>r«i^ Si^mo\ ot Ubm. Wj|L Uuk pm^m foe 
OOlo-tAkinC' ^^. <^^ »cf II .29 

PAULDt!iG, a P. Prtctic4l Laws §n4 DmU oa tbi Coo- 

Jt^ualhxi of Stv^iu n Owmi mhJ Bh« P||ive tv akkti in mJiM 
A tru*U(i»::i «f P6el«i'i "lleofj ud EnMiaMU on UkC Truai- 

mltoMM ol ll4M Thro«d^ IhoIiMm Jfanrialj/* &■«» do^, 
iDwtnMd. ia2p*CW. atf.S3.DC 

— — TraMBMon of V^t throufb Ccdd-slorage laaida* 

Every ££aiL A MAfLiuJ lur i^ntvrsliEHt vusiiMwiL WriJi libfan 
«ad di«|'»in«^ 12B&0, dotb, tUuMnMod. .... «tf, II .00 

PEIRCB, B. SrfteBi of Aulytit Hcchaaic^ 4(0* 
cloib 110,00 

PERRUTE, F. A. C, A.1L, D.$c. Conductor for Bl#c- 

tticat UtAirihiTliun: tbtir JlMiufw4ur* And UAUrialB, 1^ Cklav- 
Ifttinn rf Qmjiu. Pr>lo Line Oan«<niH»n, Viy§tr^nnnd WoriEiag 
tniloibfT Ufs. With DumanHv dl«cnuai aotfM^mvlD^ Arib, 
rloili, fUcutnx^d. 387pHv>.' iMf.tS.ao 

PERRY, J. Af^Ued Hecbaiucc, A 'DrftfttiM for Um Use 

vl iloifcntc mho hiivir ijiri'; ki vork cJtpnnmtTiUl. nu:QPTicni. uid 
Ci»|iluoftl OLKBfdnt UljAiniCjAc die tub^Ml. 8wo, cbth, d£0 

FMpi»- iuf.13 CO 

PHILLIPS, J. Eii£^ne«nii£ Chemistrj. A PrActical 
T/TiitjH fof tb» LiHT {>r Analjrtkiul C^tivu^tfU. Be^iiwm, Iron 

of Ajj*Lju4 ttai VAJuatioEL of tlio prindbftl UAltrijili nod ia 
Kia(ui*«riiif[ wurk*^ with DUtiivroiui Anur*n<, KuBiDplei^ aaJ 
Suff««tkuDfi. iUuatntod. Thir<J Sditvn, 'rftwJ SMd oiAirHL 
Ht^. rioth. , , - ..n«f,M..9} 

Gold AsMjinf . A Practkal Handbook eivioe the 

Hciduv OprrACKii tor ihr- Acoufftl* AjdB^ trf AiiriftfAHi* Orfv and 
OiilSim. ekUf\ f-hv i.Umjiii3tI T«Bt« rvi^uinH] in ibc PiTKnuiv oif 
Extraction by .^malfiimation. CyAiudaiion, tad CUorihAliua;. 
y\ iih nn BfipuiLdix of u^bEv aiiiJ jiAtibti*:* uod ^iui^mpoui diwiUQ* 
Hh<l mjErvvjngn. Hw, doih, iLut(nt*d.. , . . . , ,.<,#.d.iMf, f2. W 

PHHV, J. Serea FoUJm of Sdenee. A Popular Account 

<>r Ibo ino«t fnicnaui ta*nilb« tmpoimibiitllM mr-i 'b^ tltviniirj 
wbitfa liHt« hwtm (n»d* Ui Bolvv Ihein; Co whMli n B^^ded h ddhD 
Budget «f Ent«K«dii( PMndavM. lUufltAoa, and Marrclt, ^\ ^'h 
nvnwroLiJt itIiiNtraitoiUL, 8\o, cloth, (BiMlr»t«d nrf.$l ^ 



SCFEWTIFIC TOBUCATrOPfS 



^ 



PICKWORTH. C. N. Hie Indicator fUndbook. A Pnc^ 

(lEuJ .>U!m^J ''Ji Ea^intxm }'irt 1. liiv ImliOAtifr tin (^ib' 

Tbe IndicAl^T Ilandbook. Part II. Th* Indicator 

Duisnuit ifH AniJtiurwlil CitlixiUtioEi. Willi Ubksftnd fisiraL 
l2tDo. dolli. illiii(:bt«d.. , - flfiO 



Logtnlltmft for B^einntr*. 8vo, boards. 



Sc.50 



Tlie Slide Role. A PrftcUcii] MahiuiI of InttmcHon for 

nil rurv a! ihf SloHtm i'Tpo of ^lite KiiJr», nonijuiiitit ^nrctnfil 
EipluiiAlioJi of tEi? PhiLcipJe of Slidi^mlD GOiiDpuUitii>TL, (o^orjicr 
Willi SujJiniifLi.i Ruloa Aco Pffkfijc^ lUualrjilJoju. nxhtbJtiiiK tliv 
Apfilii'BiifiJi at ^ixt liHlniiui>»t tv (h« Ewnr-d«r W<'rk m the 
EtifciD»r CJrkl, H«vbftAiottI oiui EloOlrioU' ^nvTiM Bdiiutt. 
12Q0O, flficblo olotk* <1 -00 

PUiu Table, Tb«. Its Usm in Topographical Surwf* 

ioa^ Fnim ihc PupoN jf t^ I'nil^d Staled ComI ^iirvev. 

ElJwiruiA<t- 7ivo,fl<itb- ,,t3.W 

"ThiK wAfk lEJYM H il^ti'irlption of lh« Pljkn» T»b]« ompkoTDd *t 
th* United dtat«aCoui Survuyoffifw, ftT]4 tbo noftfrnar of UKng h/' 

PLATTHER'S Maaual of OuaUUtlve and QiunUUdva 

Anfllynt 'riih (bcrhtov-pipc. Ji^ff^af^£^litian.ftiritt^i. I'niuUtad 
liy H^nrr B iVrnmiin. KM., Ph D., u«uted by John H. CumD, 
A.M. Fmm ihr flith (lonmn nUifnD, by Prof. Krl«Jrrir-h KcU 

UK-k. ^'IiLi37 ^^viKJcutK. ia3piL«i^ Sto.cIoUj Mf.l-I 00 

PLYVPTOIf, G£0. W., Prd- Th« Aneroid Barometer: 
/li^UA £<ftlwn, fwtu«d and mlarotd. iGato, 6oArd«, iiru- 

tmttd soao 

POCKTT LOGARITHMS, to Four Places of TWImaJB. 

utc^iHing T--lp■l^^'^f^■^ *if Kiitfilipr*, hml IjignrilJimi*- Jiincm and 
Tangantji to T^^t^jtIi Miniiti^t Tf^ ivhiVh i> add?*! % Tjthl* t^f 
Nnfunl Slow, 'riitip>mM, unil 0">-i*rig*niB, laofto, board*. 10 t/0 



POP£, F. L. Modern Practice of the Electric TeUgraph. 

Fi^tttM JVrfi/ion» rtvruim ^nd nkirysi, ani fuKy iUw&oUid. Svo, 

liUh , f 1 BO 

POPPLEWELL, W. C. Elementary Treattoe ov Heat and 

HdaI t:nsEKu. }$p#cinJ1y (i^iarvr^ f'>f ongioMn &fid itudttiU <ff 
WIpnMring, U^td. doth, jirtuartUhd fS-OO 



D. TA» S09TIIAND OOMPATTY-S 



POPPLEWELL, W, C. PreTenlioa of Smoke, oom\ 

liiXUfm Kdd Lnblbii. 8vo, dotb iJi»trht«d, m<. 99-50 

PfiKtical Coaipuuni3ing of 0U&, Tallow and Or«ase, for 

LubncAttun, tie. Bj uu Expcn Oil RrtincT- Kvn.cloit nff . (3 .VI 

Practical Iron Founding. By the Atitllor of "' Pattitm 

Making." Qtv. llluMrmuvk with over 100 PfignvlitgiL Thv^ 
K'litian 12J110, cluth SI " ' 

PRAY, T-^ Jr. Twenty Yeara with tha Indicator: beuv 
b Pnciioftl Tcxt-iraok for tho Kngiooof or Uu &liid«tu, yrith no 
ooniplox FonauU\ Jllu«tmt«d, Svo, «bth. > < . , . ^>0j 

— ^ — Steam Tables and Engine Constant, Compiled from 

ReKuihull. itajikiiw a^ad Dixuti JUotllj* uuJt»v <im of (be 
viAcl reoorda. 8r9, cloth, . ,- $2,00 

PREECE^ W. H. Electric LampK fn Pr«ar^; 

and STUBBS, A. T. Manual of Telephony. Illt«*^ 

iruljunfl iind r>l<Llcui, IVicio. cJoEh^ , . , 94 SQ' 

PR£LIN1,C.,CX' Earth and Rock Excaratioa, AUarnul 

(or EaK^no&rvH Contractoni» cuitl Ep^iiLocriiix StutlrrjU. Wtllz 
taLloi Jinii ooftay liio^raajn ft&d «i4f(r.4X'tijjcH. Sw, cloth, iLLuFir&icd« 

wt, 93.00 

Rotalnlng Watlt and Dams, 870, doOi, illtiatrated. 

Tunneling. A Practical Treatise containing 149 

Wnrkititf Df^wm*:* im*i Kijcuro*, With ft^ditioa* by Lliarle^ !^ 
Hill. CK. AAfoointv Kiditor "Ko^newWK f?0«*^" Itll pa^cc;.! 
ShotiJ f JUton, rcmtrd. svOh ololh, iUualruad 93.00 

PREMIER CODE. (See Hawke, Wm. H.) 

PRESCOTT, A. B., Prof. Organic Analyela. A Manual 
i>r tlii^ lidcripttve tmd AiuLErticot Chtmuirv uf cerUtu Ouixjci 

Qftnpounii* in O^rnrEinii 1W; ti Quitit \it ilut QuMfitoliYC »Aii 
Q janUtaHov AqbIvvle of OrifjLuJi? M^irfipk in Commfirdftl amd, 
HiitmucoulicjJ AWys. ^n j)tv LtlLirialion cj iiupuntm iindtrj 
Authoni*'] Htftnibtnlii , And m ynmiiii'^ KtAmirmi ic-i4t (qt Poi 
iritb DLreflioiu Tor Hi^niinitAry OriiKtiiLr AnAlytus. Fifth £tf£? 
ttan, 6vo, doth , 9A.0O 



SaENTIFTC FTBLTCAItOKa 



4S 



PRESCOTT, A. B., Prof. Oudines of Prarimate Organic 

l)i>UrmiiiiAlIon c»f Mil' mtiTv rrmirncialy on^irHng O^puili^ VtitO' 

pouotli. Foti*iii EdUion. 12ido, clolh. .. .- .- , 11 7A 

and JOHNSON, 0. C. Qualitacire ChemJcal Ana]yiiE, 

A Guitw ill Uitaliutive Work, wjth Data for AniJjtu^hl Op<Tiv 
tlona. xmI l-oWmlfTry Mi'ihixlj in Inoiguiio Chnavtry, StUK 
fwiMcJ ami rq^r^ ^Virion. nJiHly rttuntUn, vitb an kpp^ndii 
I17 U. >[. Wlllflnl. (^ofitaluJDg « fvwCnproveiJ niMhods of AiUil)r«j\ 
finu. doili ...fwf.tt 40 

-^andSULLIVAN, E. C. (Umvtreit? of Michigan). First 

Bfy>1c m (Jimlit«tiv« Ch««nifltrv, for i^tudin o( Wjitcr Solutton 
fehd 31riH .Kclion. Tic*i;fA ^'di'li>mp nhnty fruT%lf«, 12mo, 
doib - . ,.,.,,,.. w*. fl 40 

PRITCBARD, 0. G. Th« UaAufactufe of El«ctric-lj^t 

CiitioiiB. Olii5lrftl?Ki bw, i-itjftff. . iO-GO 

PROST, E. Manual of Chemical AcalYsis as Applied to 

AoduefaL TniuJDi«d fffim tbfr origuui br J- C- 8nut1i. Ps^r^ 
1, Kuob, W»i«rflH Or««, S^tA, ftcd Mhtf vunarU tfidiuind prud- 
uctaj l^rt II, M«tAb: Fvt III, AUoj*. «vo,clotb n«f. il.AO 

PULI.BN, W. W. F. Application of Graphic M«Ehoda 

In Iho Pwipi «f StrijfiurT' Sppriully brctmml for the uy-o yi 
KoBpnocn, A Traatn^cnt b^ OntiblC maifi<>ili o( tho Korou 
hud PrJnctplita D»c«i'ituy for romdtwnCioTi I'l i>u* Dmeti nf V.n- 

S^nwrJTiff Stnirtiin** Roofpt, ntid^M. TiUMf*. Fnuimi Strtiodimi. 

pruf Liset.v ilELiBtni:«] . aH. $2 , 00 

PULSIFER, W. H. liotcA for a History of Lead. 8to, 
dodt.vlLtop - , W 00 

PUTSCR, A. Gas and CoaNdost Firing. A Critical Reviaw 

(if Tlio Varicnw AnpImiiiT'n 1*.i[<"JHm1 in ^Hmiftiiy fen ihi^ 1'iirpOM 
sInn IKH&, Wilb diasramd mid tjirjr«. Tnuistjttut from (he 
Gernun by CQuu-W Gbltvr. Sid, cblli, illimtrnr^-J it«<, 13,00 

PYNCnON, T. R-, Prof, introduction to Chemical Physics, 

il''>ii;ii'-il tvi ttiu i-iH *'t XiAilviHf^^ CiLlivi^A aijd High HvIluuIh. 
illuFtntM with nurnvroufi raa^^V*- '^^^ ootilMm:iff cr>piou« 
cxper^iufctd, wilh directioiu tSr prrpiLriiir them. -V^nr Bdsti^n^ 
pvnMkJ dmf <n£i^«d> And fUiiftlntcin by 24y wood ciigmWEiaB , S/a, 
cblh WOO 
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D. VAH NOdTRAND OOMl'AlfV'9 



RADFORD, C. &, Lkut. Handbook on RaTftl GuoDtry. 

I'ji-LKtrru hy Ai;t^ifil> <i( thf Kav^ IV|jiiH'irrE For Uip luc 
of C 8. Nftty. ^- S- Marino Corpifti ood I'. ^ V^r-.T UoBcrvrB, 

Li»ijt. V. i^. N, TAW /;JifE<>ii, rfnMd w^ i£do. 

Oexibkt livtbca-, nw, f l> iw 

RAFTER, G. W. TreatmeDt of Septic Sewa^ (Vtin 

Tables for SewerQ£« and Hydraulic Engioc&n, In ptr^. 



and BAK£R, H. IT, Sewage Dispose in the United 

9F4tM. niDtttrncioiv ftod foldiu plate* TkM BMtiim. Svn. 
dotb, to 00 

RAM, G. S. Tho lAcuid«K«at Lamp and ite Manulac- 
iiin. Svo, dotli Id, tS-flO 

RAMP, H. M. Foundry Practlct /ftPrtaw, 

RAHDALL. J. £. A Practical TraatiM oo the Incon- 
dc«v<t^t Lfuup, ]6iitO) doll), lUti^tr&UiL -.-,_...,,...,, tC.fiO 

RATTPALL, P. M. QiiDftz Operator's Handbook. IT«w 

fjdifw<i, reriW 'laJ tniar^d. fiJly HIuMrfiit^. I2n^, doth, SS-OO 

KATfDAtJi P> £nam«U and Enamelling. An introduction 
V> tbe prvpATation uid ftpplif^oticu of BlTkindi oT «uumU for 
t*cKiiloa1 and artlnlc vapoaet. For cDnvapl-nukan, ww^orv 
In it«ld nnfl flUvrTn AniT nUFiMr4i<lLin'n ft <ibj«ru of art, Th-if4 
G^^nn K/Iiriin Tronnlnt.p*! Ky Char]p« Salter. With tlAurvu, 
iJUiffminii nntl iMr^. flvo, rioth. LUiifltnlcd rt^. J* 0»J 



RAHKmE, W. T. M. Applied Mcctanica- 



Comprising 

iinH CtTifmiifj™. »nJ rhtoiy of S(r»n'- 

Srirn/rfnf/i /Lr<fi^n, thorou^hlj noised by W. J. Miiiar- hyo. 

cloth-- MOD 



— CItiL Engineering. Comprising Engineering Suj- 

mric, Ro«di». RiiilWAys, CeiiihIr. Itiv?r>. fVAifr.Svariu.' Hiuhon. 
^V-- Wicli tiuiiii^rriLifl uiXtlea mui UtiuvtaUonL Tvjfnif'fim 
B4iiion. thun'UgliEj' rvviacd by W. J. MilUr. $royd(*Ui, . . JC-fiO 




BOENTinC PUBLICATIONS. 



♦T 



RAKKINE, W, J. H. Blftchtnenr and Blillwork. Coicpris- 

oCJc^Cd 4j1 MjwtlSaxVy etc. lUmirutnl vrvUi iH&rly SOO *ioo<icuXA. 
5cwiuA&'tfw^lbc»ouKfcJ/rt!vi>e4l>TW. J, Uillaf. S%^,dock 

t5 00 

^-^Tbt Stcun-^n^nc Ewd Otlwr Prime Uov^n. With 

dufviirri *>f Uri> U*f(HUftir-U Pr^'^-'rli'* of 8l«Mit FoUinc p1*l4av 
IUIin«QU* 1jLf)tc« wiiti illL]i<r:4iiH»n«. i^t/tvnth Edtlien^ UkU^ 
ouj^ilr tovlHd hy 1*. J MLl^llf. svn, cloth . $6^0S> 

Userut Rul«3 and Tables for Eflglof^rs tD4 Olhen. 

W^h Apprii<!jx. 1'aUm. T«ai> lU^d ic^rututH' tor tho ma of KU^ 
Ufnl ICh^riiwn. Otr^kpridriiC SlihuiMFtfu- KM^IrtnU rn^MM^. 
R|ft>irir l^lEFtitJvL^ nnd TmnBirljadnn nf Pi^wrr. Rt An4rv*r 
Htnl»*an. or. . r.kft.H, S«rrrA(h //rfiTwn, U>on>iwtilr r^viMtl 
byW.J.MilbiT. Svu. ulolli. . , $4 OO 



asd BAHBER. E. R, C.E. A Mechanical Text-book. 

VTitli □Luiiiixiu.^ illurtrmljona. Fijfh Kfii!<<tn '^v. '-k'lU. . 13. AO 

RAPHAEL, F. C. Localiution of FatilQi in Electric 

Huh ricrurvj cirid ^]l:l^^amK. Sff*yd A\iJj.nii| m^trJ ^vo^ 
fl-ilii tlluaJftitM Utf, |;i.QQ 

RATEAUt A. Ex^trimtntal Rawafchea oo tha Flow of 

S(#tti]-i tbHJijtfh Ntijdi^h Mid Orilii-tf*. ro *'hi*lj ib (wkknj » nolo on 
thr Flow of H^nt Ww^i \ Kttr»it '1*^ Anniilr" 'Ic* Uiniu. Jviii- 
ify, 1102) j^uthori»d InUinUtian by H. lioyd RrTdoa, With 
fifitrm. tat>lrM, m»1 folding i)Ul«*. Svo. i-Jiilli. Uluhinkivd, 

nfll. SI. 00 

RAUTENSTRAUCH, Prof. V. SyUabua of Ucturte and 

Sottyt on thf rk'TTiPiitf wf Mi'^UJiir iV-tiyi, Wfth bUiik M^ies 
W luri^lokiuK^ Hvi>. daib. itliutroted. wii il AO 

ItAWOITD, E. B, Altfroatfcg-cnrmt Englnearisig Prae* 

(i^jJLy TrcAtc«d. With Dumcr^^kiB ttL««rHmn and dgiir**. 9etvnd 
frfuifln. y2Tito, riMh, - - , ntt, 93 50 

RAYTTER, H. Silk ThfowtDf and WaMe ^Ik Splnnlac. 

WJ(rh iiuiiirriitLA dltUErjunit muJ fivure*. ^\o. d<»lb, llliialRatcdf 

RECIPES for tht Color, Paint, Voiniah, Oil, Soap osd 

DTvwJu-nr Tnukv. Ojinpilvd by an AdzJvUcaI Cbaiuist. *vo. 

_ cfeo^. .: ».« 



« 



P, VAS N<WTR.VND ocafPAsrs 



RECITES FOR FLmT GLASS MAKHIC. Bdnf Uares 

frvm ih'? imAU]K'l"<i>k itf M-\r;a1 iKprrI* in (be Flint Qlu» Ttwfe. 
CouUiuiiLC up-to-dat? rcci|vv^ &nj vAlmtb1« iiJorwAlioa aj ut 
Cty«t4l, Ddmi-cryvlAli and CuJurcd ClbH in ii* eejiat wioUoi. 
k conialiu ttip r«dp«« foroh'^pinMAl >(iAir*iJ in prM«in^ Uovtn^ 
«tc-, JiA woll u Ibi7 moat <<o>it!y L'rvatii] and Kitbr Bntwli nu&u- 
fH'*tiifAm I^AVA kppc up Un niEdlityoi rhtHskiu iFnm iJi« BfffiraJ of 
th? V«tiPitfcn« U> Hunjzry Hill, fliourbhufv, up to Uv praaiai 
Uu». T!ie book bIm^ (^unlaini rcDurlu ■« to uw rMuU of tl» 
iiai'tnl jtx it left lhi pi^U ^>T tlit« IfpKlir* nwtal RUien, l«kvD 
froDi their o-wu mcmcrEknda upoa UiC OfiiCtfttlB^ Compiled by 
a Bnlifli GIau MtiJTLcr and Uixcr. ]:toii>, «IoiIl fid, (4 .A 

R££D'S £NGUV££AS' UAHDBOOK to Uu Local Marine 

BuarJ Exntuiiibciniid lor QcrUtvaia of Coiapcloncy m FVM and 
Si.fi,^>i3iJ CIaks liLiijfuiwJru. Hv W, H, Thom WiEk Iho anwong 
to thv Ekrnt'ntnri' ^i)<**lioni Illu«tmt«4 by 3dV diHmBU 
Mid 37 Iflrgp plnlrj .Sri'imfwnfA tdirHw, rciiutf ajitf A&yi^, 

Rvi>, doih . sa.oo 

< Key 10 the Seventeenth Edition of Reed*« Engbiten* 

Hnndl>iyik m Thf Hrut-M rif Tmiln KiHiiiinATinn frpr Mn4 and 
Ik'cond Qajs Enffiueura. and (uiitaliiiiijj ihe wcrkinKi of all ili» 
qiuatliiLi* given ui ilie muuLruiiion paptn. Dy U. H. TViiim, 
Svii, dolb - ,.., 13 00 

R££D> Useful Hints to Seagoing Eagin«ct«,^ and Bow to 
Evpbir oud Avuid ''Bt^kilnArL*!": iKi !iii|yr(iijii.-i?4 Ly>utaiiiitij{ 
lioiUr £spIo<bnfl, iV'ful Fomiulii.\ rU', Wjtli I,* <lJufl:r»iiii' 
(UkI $ pUu*. fJkkf^ £ii(l|lj(i. rn-^wi and jmiara^d. tSkno, 
elotfa , tl.£0 

Marina Boilers. A TreatisQ on tho CaviMS and Pre- 
vention of thr>if Prifiunc, Liith Jicmurk^ on tLcir Gonend Moaaf^ 
an/lit. l2u>o, clotb, lituilroCod ,.,.,.. 82.00 

RZINHARDT, C. W. Lettering foi Draftcmen, En^o^rs, 

kiiiil ?^T I ulrriij. A Prtn-Ti™] fivBlcm of ?rT«4ian(J l-r[t»:finit for 
T/iouMiii. ObloHj^ l>oard« fl ,00 

The Technic of UechaAitai Drafting. A PracticaJ 

giudf *a iLcpi. fomct and tegiblo dmdnir« cQDtaimnff luwiy ^u*- 
trfttionjt, diugmmfl and fuU-pogfi plalMi 4io, rIoFk, ilfm., $1 .00 

REISER. F. Hnrdtning and Tcmpenng of $Cc«L in Theory 

and Pmrtiiv. IrAiuUlnd EnriEi ftiA *Jt'i-ri)iiii c>f Ihc fAtrJ anj 

fn/oiyHf tdifton, by Arilnir Morri* tad lUfbon Robvon. Svo. 
elolh, 130 ju^ $2.S6 



dOBm^lPlC raBUOATlONS. 



R£1SER, IT. 
IhuuslAd . 



Faults in th« IfADufftchirt of WooImi Goods, 

Arthur Mcirtit ond ll«rb«rt J(«b»a- Hto, doth. 

-^.. . . - - nrt.n fliJ 



- Spioning and Weaving Cakulatiocfi with Special 

rafdrvAM to WcxiImi Knbryt*. Tr*Ti4lftt«d from flw Gcniun by 
CbfvJ^uiT. livo, dolh lUiivtnTorl .. luf fAU?} 



RICE, J. M., >nd JOHTfSON, W, W. On a New Ueihod 

II? 0^ii4Jtiirir thf* Hilti-rvittirtl at KiinrlioHH. uiTji i»»(mn,il prf*T- 
cn» ioih« ScwutiiiEUk CuiiTCprioD of Htiofof Vdocitie*. U*mo, 
pajicr - lO.flO 



RIDEAL. &, D.Sc, 



Glue and Glue Teftin;, with fl£urc4 

Mi. i!liJ»lr*lTJ, , Fif/, II CW 



RIPPER, W. A Course of Xostruction in Machine Drawing 

ikDil DMiKii for T^hnicol 3fh«^lff and J:(iiriri«T Sludcnta. Wilh 
53 pJaLcd Aud Diuocrviu tijilaiiiilcrv cuf^ruvj^jf^K. tt-lio. rloih, 

HOBERTSOIT, L. S. Water-tube Beyers. Baaed tm a 

WiiJi upvurd of 170 illueintiuria nad dkKnumi. Mro, dn<^. 
ULuKr&tnl 13 00 

ROBINSON, S, W, Practical Treatise on tbe Teeth of 

\Vli«b Willi »1]c tiin^fv uii>) flfT vi*c (i( ItoliiiiAun^f (hkrniuicntph. 
Third F:'i</i:i7t , T^i-<'.'t, ir^th o/itiititm*. l6ino, rloth. miuCrkWi* 
fViuk N«tniiii^« JHiAno«;S«ric*.) - 10.60 

ROEBLIHG, J. A. Lotig and Short Span Railway Bridges. 

IllunlriUd With large copptr-pUtc I'Tigraiiiipf lJ plautf ami ^ i^wv, 
Imjurinl fnlio, H-Vh *:?5 fW 



ROLLINS, W. Rotes on X-Lifht. 



With 153 fuJi-page 

F^r. K W 



B06E, J., M.£. The Pattern-makers* As^tant Embrac- 

Ina l^the Work, Pnirnh Work, Con? Wnrk, S?vi?e^ Work ftftJ 
Pmctiul fitiir iVjiiPiniriiL'iis, (lip Prt^nntjim mnl r*c tit Tinjn, 
tM^itbrr vtilh ■ lur^t* E^>lt(*''1ii]rL nf iin^fuL nml voJuaMo Tnbl^*^ 
li^nih Jidilion. With :^*A0 vngmnD^ »vo^flotb_ . .,,,. SU.50 
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D. TAX NOeniUND OOHFAKTS 



ROfiE, J., ItE. Kc7 ^ In^iMt n< 



Ulv rh>rcp of vi 



ft&d 



urtmhr Vilh 



(tf«CMAiT for Enfibccn acd Fin-nH*! IAdo Hatk Do*. . 17 10 

ROWAfV. F. J. Hm! Practical Pbysct of llw Hodmi 
Widi MOperQiv lOvrimtkoiB uid du^^^v* 6tv Hoth, (■■»* 

u>ted 17 ao 

SABINE, R. Riftor; and Proeress of thr E1«ctrtc T«te- 

cmikh. VmI^- drvniilifiri* f4 ■ncnr of Um «p(MVBlDa Sittm&t 
£^Uufl. tnf Jl oddirutif 12iBa cloih ftZS 

SA£LT2£R, A. TnttHte on Acotwtics to Cooatctta 

inth V'v.iiIiiI^D l3iTb> ok>lh ft €0 

3AL0H0ITS, Str D^ MJL Elcctric^UsliI IcuUlUtioiK. 

A Pnutli^ Hifut^y* WUli vuMvro'ja iTlwrtmtkVA VaI, 1.. 
TtB UAJucrsMti of ArcuBiuliton VutfA CdUewn. rmMrf nikt 

wuttly rrteritltn^ ] ten clotk. ....._ VI - !0 

V'jL It Si^mM £J£rkiii, rn^c^ aU vtiitFft4^ Appttntua. 2m 

lUustntjacii, Jl^Bo. okith. . ^■. - ...,.,,..... $225 

Vot. Ul SfwitXM iUithm rmW Mi f4lar^. Apptirtttidv- 

j3icK>,doih frw 

SAHFORD, P. G. Nitro*«zplo«iYet. A PncttcaT Treatte 

nmcmiux (he Ffwinfijua. M4Ui^w:|tii« «id AualKB* erf Niumud 
SuUuuucB. iududliic the FulmkiAta ftnckkcks* f^DfvUltra ami 
OUuk^iti- Svo. ckiOi, 270 pawm- 

SAUNBERS, C H. Handbook of Pmctic^ Kicbi 

f<iT iif* in till* Hhrii|] %j\*i llr4]ix!iriiif>rrHi7<i; CQhlakjiu TiUcff, 
KuIh Mill Frimniljt, mui SfJuitcm^ nf l>iL?ii(*&l |*roolBim by 
Slrnf^f unci Qutrk MHtxhliL llkno. Iknp rkdk |l CO 

SAUinviERt C. Watctunokef^ UuMlbdok. A WoAshop 

iad /itu. VrvhA^l f-v J- Tnpiclin ta4 K- (^- SMMkii?A* 
lun, Tvrtv^r, ifiM Lj^'prmftj. rjmit. (Mh. •.•.*. ,.« |3.G0 

SCHELLEN, H., Dr. Mi^eto^^diic ind Dnumo- 

rli^p^inf Mnctilri-.-s thrir Cbn-ArartlOD WhI PniFiliid AppUc&llQn 
(4j I'^U-i.-irJc LiKtiti^e, d»d tbe Tmmnibvikqt trf Puii^> Tnu^ 
Ifit^d trt'in I'n' tk\f^ f/i-rms'* ^i/jV* tv S, S fCvilb kuJ I%?rvy 
Jityrnivaci, Ph.D. ftllh ^crv liUftc aJ^iUoo* and moitt ff«latiiuE 
to Anvricvi Muhift««, hv S\ 8- K*tlh. Vol. 1» with 281 iOiia- 
tnltODi. 5M«*itf ^fJi/wn. w^.diXb SS.oa 



GOECNTIFIO POnLTCATIONS. 



n 



SCUERER, R. CftSein: Its Prvparati^ and Tdctuucol 
L'lil^&AlKiU. TrarubtoJ (root Uw Gemuuk. Ilvo, cioUi. iJluk- 
tnicni . . iM^CiOO 

SCHHALL, C. IT. Find Course in Analjrticd OtocMtiyi 

rUiit nn^i iSoiiil. udih Ni.initrbui LuunplM (.'AnLalDAliff AgiUfM 
H^d ilj«yr»tn», i:^]ji>. olmh, iULumud rw, 11 .11 

SCHMALL, C N., mt SHACK, S. H. Elements of Plane 
divftfwns. ISmo. hiJf IcvilW, ilJt»littl«d. ii«<, (1 /^ 

SCHMEER, LOUIS. Flow of Water: A Hew Theory of 

[Ik- ^^tt^||| ai Vr'tlor k^Uiidoi PrOMUiQi o&d iaOpoa Cuudoil*. 8vo. 
L'kth, il]iiatf»lc<J ■ tnPftet. 



SCHUHAnJf, F. A Manual of Baatiog an4 V«ntUati<m 

iu tla i*mclifjj AppUcAlian, for iTi? uw of £E]Gin->Fni ait^ Kruiu- 
tevl« KrnbrKinif » ±T«ri«A rif I'd-hli^n nfid I'omiLSa.- for Unitaru-iLiT.n 
of llRitiiiE, Fliiw iwd R*ttini PincTi fur i*i*an> Md Hol-*iifpr 
Boltffn. FntM, «t? Vlmt>. illiMtnki«l. hill ran. Sl.HO 



5CHWGIZER, V. DLtCillation of Rcuns, RcniDalr Lakes 

MarltiiH**, MAriifnIderB. ciir^ A dcerripliDn af tlic pmpcr mpl^r^lji 

aubofl, rcfli[i-piiCtu«hli« juid cncirii'il jininiA. ihu prcpnriilii>n of nil 
IdnJji of corloa pJAncnu. and prtntfrcT ink, litboerACkhu ink* 
iind cliiillij^ and luao tcu lor fypcv-ritfm, nunliolovn, »nd 

nit>bor<iiri>pfl. With t4k^j1«v niiii tW Ij^iina Mnd dingrmnu. Svo, 
[-Uflh. ilJEiJitRiTcd. -,Mr, |3.6t> 
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SCRIBIVER. /. M. Ergineer^' and Mechanics* Com- 

Cinn nnmphiini; T'fiitfHl i*Ut4** WpijfM* snd Wf*mi«i, 

Cubra^ Squur? bihI CuUt lUwSv. CJrrumfv^rrnn and Annn nf 
CEri'lM. ilie MccltauirAl Powcrr* Ccntm of Qm^tr. Gmviuti^^u 
of Bn<lir*, PnndislLifwi. Specific OmvltTr of HmfirK. 8(rrnclh, 
WVifftil Slid <ViBh f*f \rjiUTOLl*s W^Ltfr-vtiHilf. ]Ivdrr«(&(iH, 
1lTdruuUf<i. Statioi, Ccntr?* of Pttrcuiaioa nud GvralioEi. IrlrlUin 
IT*ui, Tnt-tM ii\ \hK Wfiffhi of Mi^lnlt, SraTillfriff fir., Sl^iu 
i*ad f*l»^m*fmKin»». TiJvnf^rrf ft^hJiwi. miwrtX JOino. fid] 
oomcoj^ |KM) 
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flUlCOr, A. E. A Mutud of MaitiH £neta««nA^ Com* 

■fWu tbv £>aiigDiiic. CoAiinMKm feml \\orkiag qI Uutuo 
MMchauay. ^ ilh aumcrouft Ubls owl UhmralloM riikiP*d tma 

and ROtnVTH^'AITE, H. M. A Pocket-book of 

KniE^aaDm uiil .Nnviil ArrKilwtA. I>i^jciiars. I>r>iiffclmu>ri. ttuprc' 
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m*iMkf «nJ mJorpB^^ PodiC4«iHL LcaUvt, wiUi<lMW'MnB. tt,00 

SEIDELL, A. Hmndbooh of 5o1u1»litie>, iimo, doth. 
SEVER, G. F^ Prof. Electrical EngLoeering Erperi- 

nuHitJ and Tcit* on DiTvi'l-rutTrnt UiwhLacr^. W*lh iliuivtti* 
juhI lL|rt]fM S^i> p4rti|ih)At. iniminCA) nr<,ti.(ll| 

ukd TOWrrSEND, K Laboratory ojmI Factory Tests 

tn*t*<l nrt, KSO 

SEWALL, C. £, WInlcH Tctoxraphy. With diagrams 

&[jd cacr^vicfEft. SwonJ Ifc'ifwn, <cflT«ML ^«w dooh, dlio- 
triiird lU/. t^UO 

L«eeonE ill Telegraphy. For use at a teat-book 

In nchoob and ooLcgw, oc lor iodividuA] atadcnlj, Uhnlr»iod, 
12iiu>, d^th. , ,.,.^,,, SLOO 

SEWELL, T. Elements of Electrical Engincermg. A 

hint Yfor'H (Vninw U'T ^tudrntJL ^cond Kdtitan, nrutd, wi(Jj 
mldrtioud thu)ilviH uii AUt-rtiiLtintE-nurrrii Woifciug And A^ 
]tendi\ at Qncntiwu oikd .Vniwrrs. W'iUi man/ dia^nms, IaLm 
Aiid rruuDjilv*. Hvu, cicilh, lUustribt^, 1.12 past* a*'- 13.00 

SEXTON, A, H. Fuel and Retnctoiy Haterials. 8vo, 
cbth $3.00 

Chemlfi^ of the Mat«ria1a of Engtrmring, A Hand- 

(loot iot EopFiwnrjt i^tud-vit*. With tablfl», dui«r»nu »itd 
illiLF^rfLUaiu I2ini:). rJolh, lllctfirfttcd- .. . ,^ , 12.90 

SE7M0UR, A. Practical Litbociapb^, With fi^iires and 
cognLvioKA 8\c. cluth< illuitf ntoo. , * ,......«,,,.... fMf« S3 . GO 
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SHAW, S, The History of the Staffonlshire Potteri#s Bnd 

the Huf ami I'rogrviu at Iho MEinulEkoturc of Pottpfv aitd Vor- 
ivlnm: with wfonrticwii to j(Pmii(w» npfi'imwdf*, ■unl" daIic^m of 
wiurimf |>niif'rF' ^ rr-ifMiK* lyt thr- orjjjiiml work piihlKh^ in 
IS2^. Avo. cLuth. iUiuTmusd. . iW. S3 0(1 

- — Chcmlstfy of the Several Ifatunl and Ailifldat 

llp^rrrru^pniYnw roiiipo'indft Uf*^ii in MEitiTifuctunnf Porw^lflin, 
Gbuci AitA Vvt\Ajry. Kr-ioBUul iti iu urigiiul tnrm, pLjdLiiiluicI in 
1S37. Svu, cloiL nvt,%^ 00 

SHELDON, S., PhD,, and MASON, H.^ B^. Dynwno- 

dfs^tnci Marhin^ry if* ( Vtn?tnii*iir»n, Hmen mid rip^rttian, 

Difpf'E'C'iirrQat Mjiclijiiet- I'ljih tttitiiyn, rriLW M'd, i-.loili. \lL 
IijHtrwted - tw(. K Ad 

Alt erfiatLQg-cii Trent Machineer being the second 

volume of ihc milhor'g " Uyn(irrn>-*>Ifwtrip Mnobini*ry. it^ix^nstrac 
tiQD^ UotuHn Hiiii U|HT!4lio», " \\ itb Dioiiy diA^rnmA imd (IguPM* 
(Wtidjtig iinJIorfTi ^^■^^^l vnlumi* 1 ^ ii'i^r^nA f.\iii>/m. Svo, rJnth 
flbJdTntad, nrt, t2 iO 



SHIELDS, J. E. Notes on Engineering Construction, 

Kmbrrioiig iTwiiwont nf thi." Pn/ifj|ii™ irivitlvivl, nml Dr^rrtpt- 
Irona nf fhr M^tcriul «nip1civ«!d in TuimeiitiB. Brictfilnf;, Coiml and 
Rood DuLkJiii^. ^Lc. l2iiio^ uIolL II AQ 



SHOCK, W. H. Steun Boilers: their Design, ConAtmc^ 

tion and Mjuiaf^eoirnt. He. half tnorocco ._.... $ifi,00 



SHREVE, S H, A Treatise on the Strength of Bridget 

ktjui Uoofe. rompnuLiiR Ihf* ilf^rprminkTion dE nTcf^l-tfixif furmuliA 
fp>r strniiifi in llnri^nnlAl, InHiniv! tir Hnlti'f. 'munipiUr. Row- 
Btring, l^nrk'nlrif und twlur TniFWiH, tmni fixfd ind inavinic tcuda. 
Vith ikMirrk'u! EipLlJGirioiit :uiil rAUEiiiiIni, fi^ir thr Urtu Df SutdiriM 
and Engmnm. »7 AuKiiut ULiulrntiudA Fourth tditinn. Sio. 
d<rtli. $3. 6ft 

SHUffK, W. F. The Field Engineer, A Bandy Book 

of praolitt in Iti* Survey. I.ocqIkhi mid Tr^cL voci. of KaiTruaJ*. 
t oAnUimiiiu a htrta c<?Ui^rbcm »f UmU* jui^I TaMru. orii:in'il uid 
I Bi'lpclwi, fipplipaljlc to brtb fhr Sfnndnrri njid Nnrmw limar, 
I and pn*panv| vith ppfptaS rrfprtiifc la tho vvkU nf the. ^xninr 
I Enniti«*r SiiUfr\th Ftl't utn. ttnitd onA mtntyad Witn 
I nddoadtt l2mQ, mf^mcm, tucks , , $i.Ul 
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SIMltfS, F. W. A Trviitlfte on the PHndpl« snd 

Eri^riiynr>fE' nnd thr t'crstructioti of Rood*, etv RcvfvHj uti 
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wUiijguul HailuAyrunn. IDiutnt>H| fiicdovh Kf SO 

~ — Practical TuiukcLin;, Fcurth Edition, RevUed and 
grvntHly t'^iwidtfil Willi JKldtlirrml ctmiiTfre ithiT^mtiiiir rrvrnii 
gnuTOcc by D- Kiun^ftf ClorL- ys'tih 2t) pinto t^d utLei lUtiatrar-' 
ttorw TiiiiK-fial Svij, doth, , . , 4bM 

SIMPSON, G. Hi* Ravol ConBtmclor. A Vade Vecuoi, 

<J Ship D«j^. for Studculat N^mJ AicJulccl^. :^p DuUdm Ui _^ 
Ovnen, Mafino ^jpnriiittui'tciu*, Kngicccn biiiA Utiiv^hlvnceCi 
l^Oj inaruoo», l]JiLntniet*iJt 6Ci> !>■(&•' ' - - - -'^''> ^ 

SLATBR, J, W. Sowago TreatOMOt, PunficAtioa luid 

VliliM^lkin. A Pmrrtirn] Mknuol for thr IW of l^jrpoF&tSotidv 
Locnl Bdardfl. ModifvU Uf&cc-n of UoolUi, Iiumviov* o! StUBAnccu 
ChcmitiU, MiuiufikCturan. hJ|iftr(ftEL Uvr^arn, KngiDOfln ftini RaX^ 
jmyvn ^2t^to. plnth. dSj 

SMITH. F. £, Hftodbook for H«chanic». r>ino, d< 

iUu'.Ii»ti-ri In 

Mechanics for Practical Men. 8\o, dotb, about 400^ 

pp., diij»tmttf^i,, - , - - .in i>< 

]. W., C.E. Tbe Theory of Deflections and cf Liti-*] 

tU[l« ATifJ Ui]T>]4rtiirai, With ip«>ei«J &ppljnktrnn» t« Ojn'ilinctfj 
tnOTcoCo, Ui<^k% - S3.W 

J, C Uanufaccim of Paint. A Practictt Handbi 

lor J'wct MfinuiiirturorB, Mp/chanU aruX PiitiUn WnJ» 60 U]u*-1 
tmiinriA Ami Dri«T 1ur^r» ilia^Ann, ftvi\ dntJi. ..._..- wf, Sf OO 

SHELL, A. T. Electric Motive Power: Tbe TraniniLisakiii 

ATiff PUtntititioTi af ^loicine Povar by OinUTiuotai uul Alt«r«ftl«{ 
CurT4»ntti. With a ^cctitrn on lh« Aft(}Jicaltoiui of GircirlcUr 
Miniou Work- Stain^i EtiHutn, evo, cloth, iU4*tn)tod. iMi, A 

SHOW, W. G., and NOLAN, T, VTOtilfttioo o* Btiildinj^tjl 

Uimo, iikfth. O^^ -^''*'r":*'i'l * f^i^'""!* ^ii>*-^ $1-' Srt 

fiODDY, F. Radio*Activit^ : An etemeotanr tr^atin 
frimt the nibudpoinc of tlw didiiitcgmioii theory, Wiitj «> [ijeiitm] 
eod di*KfauiH- 8%i^, rluch, kDoatrMod, , lai^ 
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SOXHLBT, D, H. Art af Dyrinf and St^nbfi tftirble, 

AftLUr^jil Stone, lW>i;r, lloiii. Ivorii^ anil WixxL uoj of trnjlnliuj; 
all "j^rLt ijf l^vwj'i A jriiM^ln'^il 11m]<nimL ii>r thi- uw "f J^Jiut^n. 
Tu-TDPrB, Miumfairtur^rf of Fancy Oowlft, Mick and Vinbfi"llft 
|lak«n. Comb MaUct*, etc, Trftmif>t<d froiu Uw Gcmivi by 
Arthur Moma AAd H«rtwrt Kutiton, UHt. l»n>, cJoOi. 170 
po^C* nK,|2,5a 

SPANO, H. W. A Practical Treatise om U^tning Pro- 

Tivrian, With figiirei iind diLRfiLrn* I2nt». doth . , , SE UO 



SPETERS, C. L, Textbook of Pbj^coJ Ch 
tlvo.dotb. ,..,.. ,,< 



STAHt) A. W., and WOODS. A. T ElemraUry Hechan- 



yifly^KlJi Krlitutt\- l^TiJ^i, Hnlh. 
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STALEY, C, «nd PIER50H, G. S. llic ScpvAtc System 

£:iipt. platca ojti itiuriCraUutJA, Svu, dulL. . . - . , 13,00 

STANDAOE, H. C Lett the r workers' Hftnual: teiiig ft 

r<impmdhlm of Pp^ctlrnl Itrcipoi and Workiinjr Fonniiljp fof 
Cumen. Boot-iiiAki-r>, I^fnilitr Pr^wTHn niuckiiiie MiDufnc- 
luitn, ^AdiUen. Fliiot Lm^ht^r WurLtn. And oU pcnwu on* 
niai iu tin EDAfupuktKiAL^f leather. 5vo,clijth rut, 13. M 

Suline Wav«&» Wafers, and Oth«r AdbadTes. For 

Um Hotijcbald, Oirjcc, WorWihop and Factory, Svo, dath. 9C 
Pn:«>.- ••-> fwt.CS 00 

SIEWART, JL W. T*zt-book of Heat lUottntwl, 870, 
doib $100 

— - lexi-book oi Magnetism and £]«cliiCLiy. 160 lUu** 
tfStk>nJ»nd uumcroo* «ULjTip1c«> 12mi>, datlL, ......... . $1-00 



SntES, A. Tab!«« for Field EnginoefS. Desi|:ned for 

L'w ill tV I'Vld Tfliilr* (iMCiUijiinp; :i!l t)ip FunoiiuRji <.f a f^hiij 
Deicrr* Currc. Irom wliich o forrteponditJii -^no firn kr Immd for 
«fiv rvquiiwti Uc|fn-fl, AJto, ToblHcJ NELtur&J Smt4 uid Tbj^a*iiI<. 
ISmo. morwco, tunki * Kl,W 



STTLLUATy P, Stesm-cnginc Indicator and tho bnnmtf 
Minntnvber flMUn and VBrrium HFULKn; Tt)«lr PilHiy a&a Amdl* 
oMlon. Htuttdihan, 13mdlexible dotli.... . $1 00 

STODOLA^ Vt. a. Steam Turbines. Whh ao ^p«ndii 

Inrularion by IJr Louip C. Lottweiui«ia (LthJ^ I'mwmlr^, 
With ?4 1 aita n!id 3 Ulhopv|>bod Uibb«^ ftVO^ doch, ilhiUnud. 

itrf. W ^ 

STOnR. R»» Gen'L Ifrnr Roads and Road Laws In tiu 

irmi#4j AuitfV. ?r^> pnRf^, Willi nmn^miut ilhiEttniion*. \'Jtnf>. 

cktiU - - SI 00 

SXOffEy, B. D. Tha Theory of Stmut in Girders and 

filraOar StmrturM. With ObctfrvA c iDng on the ApptitnlaoQ uf 
Tfciwry U> PrACticc, ncd Tabl™ of Slmngth tj,ii oihc* iVipavtim 
of Hauti&lit. .Vrv r^viMd fdkiian. with nuinamw *dJitkiii« oc 
Gnphic SUliM. Hllani. Sr4«], Wind Prr^hirv, QvilUlintf Sin^aa, 
tV'cirkfng lyimU, HUnlng. 8ircnrth uid T«u of Mnm^ali 
TTT pitiei^, 143 UUiJT. 7iJjd 9 fLJilinc-rlftlcft. $w. ctulh. ... $12.20 

SlTFFLITfG, E. R. TiealiM oc the Art of GIim PttiotlDg. 

rn'fitrttil Willi H l{e\^ow i}f Andwit QImw. IVttJj «jic7»i'iriaB and 
Ooloied ptuLtn. 8vo. cloth . ^ . ^ luf. S3-0O 

SWEET, S. H. Special Report oa Cool, Showlag its Dia* 

tiibuiioTi) C]rwiliculi(»n, and *\*6\m il^livrrvd oirr DtffcmEt l^tutnv 
1<i Vjifioiia PoinU ia the State of Kcw Vork iukI the tSirinpal 
Citi'« tti tliH Aflaftli^ l.""Ufll- Wah inApf. *»vc> 'MJi. .. .13.00 

SWOOPE, C, w. I>ractical LassonB In Skctridty: Prin- 

nfJH . Exp^nimtntTn and Anllinictii»J Frobloma. Ab Ekivof^tAfy 
TaTct-liouk- With numcFoiu Iflb|«, foniLUl», vid two tim is 
vtmnicm pUtf*^ S\o,HothJlhiHmtArt. SxvfnthKAHon -9ti,\2^V0 

TAILFER, L. Practica] TreatUa on tha Bleachinjc of 

J.LJi^n niid Cotton Yam nnl^ Fbbricfl. With t«!bW *fji dLii^miTw, 
TnLfiKbiti>d froin iho FVonch by John OodJo* Hclnloili. ^vo. 

dolh, iHrntrHt'»d nrf, fS 00 



TEMPLETON, W. The Practical Mechanic's WorWflhop 

Cinrnpnnjrm. rrirnpriiLLdjc 4 |in«it x«rkply nf t^i* ir^fst Uivfill 
ru!r« niul frirmiiLir< in Mrnhnnicnl ^in>ce. wlih biimrroiH iftSJdi 
of fiFHrLirHj tLsiJi iir;d <.'aLulnt4^l le^ulta fibril itAl.iiix tnKhnnl^d 
o]>eru(ioiis. RpvuicU anU FjilAtfe^ by W, d. flulUui. limo, 
£Uc>focco, 92.00 



SCIENTIFIC PVBUCATIOXa. S7 

^THOM, C, and JOJTES, W. R. TelegTAjpbic Cf^miectioaft; 

pairr fAdklH, Bomv <o1m«iL ^lODgp %v^, dolt tl bO 

^^OKAS, C, W. Pap»r-'mak«r3' HandboolE. A PracHcat 

Inotuc^ OiUtmtoil In lV«j, 

THOMPSON, A. B. Oil Fields of Rui^ ind the Rtu^ui 
I'l'i r*.ili^iiiij it+ilnfliry A Pnnriii-aJ HHiidbuok oa Uv- K^|il.jr:i- 
liofi. ]'lv|i]i>iUilioi<. htkI ^LKiinetiiifal i^f ItUHian Oil I^ro^trrticc. 
itidiiLliiit S*>u-ji (.ru tlic Uriiciii <^i I'drolrius in hu^ma, o iJtiWfip- 

<fi iti0 Hiil« u&d' Re^ulati^ni Mnocnuoc Uumiwi Oil l^p«niM. 

od ihr tUnkhAfiy^ftbuontrhy'Romui/ Oil FrHd. gvn. rIoOt 
iUuBtrmKi^ , iuf.$7.W 

IHOMPSOIV, E. P,, H.£. How to Hak« laveatioos; 

«r. tTi\'i'u1iria ii* n S<ii*n^» iind hd Art- A HmcVU'jU («L±ii|* for 
loT*fiUiTH .^if^tvi Fttihim svo, TwipTd* fO AO 

Roflotfcn RflVB and Phenomena of tho Anodo and 

QuKode. Prind^EM, ApcilicAtiojLt. .ina Thmri^- Pur ,^^ilr^iU, 
tV^o^hen, PhvtdriniiD. Fni^tocrLir^tLm, Eleciridnm and ctbcrs. 
A«fUt«d bv Loui* M^ Pl^ijo^e, N. D. Q H(»4B** '^<^ LuJvig 
(Julm*nD. K-K, Wtth * ftui^itAr on O*nanJlMLti0iu, AisumitnU. 
TbipfiriM, Kiridn?d RAriintirrrm nini Phpnonivtifl By P)nf««or Wm. 
An1>ioriy. dUdiAgniriu. «U tiAlf'tonnL Hvo. cJoth. . . . . ft.OO 

THOMPSON, V. P. Handbook of Patent Law of All 

G^irn'rir^ Tkirttfnth (VfiCvrn, frnnpUStty rrrvftt, Mfcfcli, IDOA- 
Irtmu, cloth. - , 11-50 

THORNtSy, T. Cotton CombiDc Hachlnt*. With Vu- 

mnmin tJiV-il-'fl, flngmvinfls and dxagjnmg. ftvo, dolh, illuftnled. 
a« |n«.'». - - - , ....tui, COO 

THURSO, !. W, lffod«m Turbine Practice and Water- 

Pijnrr riruiU. With frj|;Lt>-«Lg1jt Hgtinn uuiJ JiJifn^jrm >iu. 
cIaU, iUiuinUoi nri, H^OO 



TOCH, M. Chemistry and Tcdmology of Mixed Paints. 

&vfl^ dulb /^ P«*j. 
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TODD, J., ua WHALL, V. B. Pncllcal ftiflTiHntiMp 

for Tar ia the UmrTijLTiC ^miH: inchJcUng iill npdtotbry aublfeu; 
jtl^i ?4Nfifii SvuniHruiJiip, W»hc-L liiflinc. AviilritiiE rolliidrin. Wir* 
SpLdiiG. DisplBfroieiil sod evcryttunit nrrninrr ui bt' kr-cvn 
1r> fiaiiicji -jr llio prtvnit Jm. ftjttk £iiihen, wkli 247 Jiiu»- 
tn»ticj(u»uid<liaKniiia, ^vo, cfotli «i nt. ....... ntf, 17 .60 

TOMPKJHS, A. E. Teit-book of lljirlii« EnglnMrfM, 

iflu.^ir^U-^ ,n«f, td CIO 

TOOTHED GEAUNG. A PracticAl Hudbook for OfflcM 

nod Worbshopi. By l fbmnfen I^WfTLinalwr, 1^ ilJtHtn- 

iioc4* iSmi, doth t3 -JS 

TRATHAPf, E, E, R. Railway Tnck and Track-work. 

Wjlh vvtr :iCKi iUiifllmLioui. Srti, dolL. . •3*00 

TRAVERSE TABLK, Shnwing T^tiltid* and Dcparturo 

^of roi-Ji tjiinflcf lioflTf^ol !fi"tjiiji/*piini, nnd fnr UtiTunri^ from I 
lo 10(J, [o wf\ifh i<t ]Lj>pi-i]')i«il ti Tnhli' 'if Nniun] ^inni Kuri Tvi- 
rcrilj fur rmtli fiv^^ TTiiiiii:** nF lli^ QiUidfiuil. »iKD(jriul#d fnim 
BcrlbELvr'tf Pwkot TdUo EkKik.) Vgn IfiMtrvnd^ Satnos Seria, 

1^0, dotti to £0 
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TRINKS, W., oad HOUSUH. C. Shaft GovomofS. i6mo, 
olotk, i[luAt rated. (Von Novtnuid'a Sciooco Sotiot.) fO £0 

TDCKBRi f. H., Dr. A Honual of Sugar Analysis, ]n- 

olLldlng thfl Applicaliotii tn Gpnviml ^f Anik^yttriil MMti<i1*i To \h» 
fliiEHr Int^tUiiry. WiLli ail IntnjiluiUon iMi the Chuniiiitiy <if 

Sva. clom, i])uaLr«tc4l S3 . ^0 

TDHLIRZ, O., Dr. Pcitnttia! and its AmtUGation to tht 

KipInimfKiii nf KWtn^nl rhi'jtoiiiorifl, PnpLiUnyTrvflUd. Tfni*^ 
IfllAfJ frrna tho GmnAd by D. lfohcTTa?iD. ]?mo. doih, tU. Si ,!?5 

TUITNER, p. A. TrtotlB* on RoU-tonu&g for tht Honti- 
fflclurc of Iron. Trvuliited aiid,adkpt«d by John I*. ?*»m?. ol 
iho Pciinavlviwia Btfid Woi4t«« with immcraiii cugnviagf, vooH- 
cuU. 8vo, doth, vritb fvlio aUtd cf piAt««. flD 00 

TITRBAYNE, A. A. Alphabets and Numerals. With 37 

pUiXoA. 4tu, TH>ardb $2 .00 



fiCTESnnC PCDUCATIO!®. 



m 



rmMf udiiirt h\», (htit, iW'vXtai^^d >Hi. t1 .:jC} 

CaOUHARTp J. W. ElKtrlc Light Fitting. EmbodylDg 

VTri^iEtg ^Jrl?cH<?Al Knglc«n- WEth tumcnuM ^lluatniJiKii. 
I2mi>,*flh-.. tS.OO 

Ebctro-pUtiag. A PnclicAl Huidbook oa tbe Depo- 

bilioTi r>r C^ip|wr» &1in!r, Ni<~Vr], Ci-^kd, Bcw**, A^uuiiniuirL, I'biti' 
DWii.«M. fc^^wth E^Uint^ ISmo S3 .00 

"^ElMtrotTping. A Practical Uanvial Fonnlne a ITew 

PiintiuK djrfutv. etc, I2iiii},... 12.00 

Blictric Ship Lighting. A BKndbook on Che PncdcA] 

FlUioE Mil! Rijciiitiu iif Sh.fi'* T-TWtrn^Al PlunV F« ih^ TTn* of 
Eniui««r«-iii'<liar|v. iniitj^'.<:rl, l2tao, doUi ^,00 

DinVERSAt TELEGRAPH CIPHER CODE. Anaoged 

Jnr GAQ4r«l foTtiMpoQ'ltnrp I'^mo, oiolK - - - - - 11 -(JO 



VAN NOSIRAKD'S Chemical AosoaL, baaed on Biadar- 

Eimiin' '<. txTiiikfr knlrniJor " Hdilod bj Prof. J. C. Olacn, with 
Uui tc-uEjvrMlaa of EmUkabL ChcmicU- fifit fMr<if kwuQ 1004. 
lljiso, rfotb, ilhi«rvt«d.,.v : . i\ , . . . M Pnm^ 



Engineering MigAxlDe. Complete SelB, 1869 n> t^6 

iaaUuavi^- A^ vols., in doih. _ . ... piO (u) 



14 



TeRT Bnoik of Ifechaaical Engineering DaU, With 

rnitny tnt<l'^ Hi\d dlft^jjiu. iblni Y«ur nf tfiiHti^ 1%1G) fn /'p«l 

VAN WAG£:f£N, T. F. Manual of Hydiatilic BUnlng. 

Fur the Vtt of u« Pnotieoi MUtrir, T^^WmiJ oni fniartK^ rd-vt?-*. 

iSiuw, dudL ai .00 



I 



VILLOIf t A. M. Practical TrvatifiD on tht L«flih«r Industry* 

With mjinv tftblw nud lUii'imtmnt- xmi n tvipioi* inJcx A (rm^ 
Ltlii»i of Villi'ii'ii " 1'nutc i'nittqiit tic ^ I'abrioatioE <!« l^Jin ot 
du TravLj] iM Pmiu/' by Fnutk T. Addyn^aii, llSr Kt-o, 
doib, Uiuitnttd. 'vf.aiO.OO 
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D. VAN K08TRAND COXPAXrS 



VHTCEEfT, C Ammooift and il> Compoundfl: their 

MmiJiftTTt And 1 K4 Tnuliittl CmV t^ French bv V J. 
Sftbrr «¥■> ciolh, almMnlift] tJt. (J OO 

VOLE, C. HuiUge and Wiocfins AppBxnco Dsed In 
MiFiiw Wlih pbl«a kod n«nvl&c>- TruiUterl fmn Uiv Otfr- 
m^ Sn>.clulb.aiL«tnM:,.. iMCtA.OO 

VO:i GEORGIEVICS, 0, CbemkAl Teduolog}- of TexOte 
Fltifwi Uii^ Origin, 0uuctur«« Prmntioo. Waibukf. rotacArii^ 
Dy«inc. FrinCiut. vi^ Drnvvas TnmalaUid fruui thf Qtrnmn 
bv Otuls Suitor. Vnth many JiMCtsta vud fiitvrCft Svo^ HvUi. 
lUitftrslod. 306[i*««L . ibrf. t4.50 

bo«i«n^; Motdoxiu hbd UordADiun^; I>y«<iig, Pnatu^ IMMk^t 
Uttd KiiiHhifig; Indn. 

Cbmiistry of Dycftuifc. In&sUUd from tbo Second 

(TcJTTunAii'iorvbjClMt^Etelur, 8vo,«loUi,4l3paff9L . . wT.U^fiQ 

WABNER, R. VentiUtJoD In Miii<&. TraoaUted from 
ih<' ^iCFTiinrL t>7 t:h&rl« Anita ^iili {lUus Mid rtwr»vliu;i. 
Sro, clutU BopUiiAd. 210 pagu. ....Mr,$«,Iia 

WADE, B. J. Seeondnry E«t1enes: their IlMOry, Coo- 
«truclioD aad tsf^. ^liL LimimJvntbU diA^nuM ttnd flpiit*. 
Svop Cklh. lUtvirAtbJ. -Itii:^ po^u «... Mf. $1 00 

WALKER, F^ C.E, A«r1aj RavigflllOA. A Prmctkal 

]]»nill>(K>k on the i'fiitflrL<?tlon of L^iritfil-lr BllI^>ofu. Ai'Tovtatfl, 
Aj-rt»p)ari<« nnrl Ap<nmi(itorH Wilh liLnffrani*, tftblai and ilhi^ 
irntLoni. Hvn, c\Gth. ilhvitraml, lAI pB^Mi . .....-.., t^, WS.W 

WALKER, S. P- ElMtrical Engineering in Our Homes 

and \\ r>rkehc>pf. A ['ntctu^nJ Trnti^r on Auiitijuy UocCtipe«l 
ApfiftmtitB Third Kdiiion. rtnMtd. vritii nuHvivui iUvtirofiama. 
«vo. cloiJi . . S2,0Q 

Electric Lighting for Maiine En^een, ct How to 

[,i;^hf riSliipliy t\iv KTurlrir Lrghc luiJ Hiiw l,n Kefi[i Ox AjTpftrkUM 
in t^rdcr :^a»mi Eftiiwn. ia:( iUus,, Siv, clolb $2.00 

WALKER, W. H. Screw Propulaon, JToto ofl Screw 

rio|>^ilfUUU . ive [lirtpJiJiil UiNkLMp. 8vu, dcTth. .........._. St>.7S 

WALLING, B. T,. Lieut. Coin, U.9.IT., and MARTDI, JULl 

f^krtncnl TnalJilIjitioiiii of thft IViilixl hlAl4* Nftvy. Wtlh n 
didisniuitf and vufiTaviugsL 3i-u, dutb, iUuvtrmlcd - ..... In 
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fiClKXTlflC PUBLICATKMra « 

WALLtS TAYLER, A- J. Bearing* and Lubriaition, A 

Hufirlhook lor KiT>r>' uvr of Machinifr l-nlly lUiitinlcil. Kvo 
ek>ih. , ..... $l,aO 

Hod«m Cycle*, a Practical Handbook on Th«ir C<m- 

Motor Can, or Power Carriages f^r Coaunod Roftdi. 

Wiih numonjUA illiuUstujiu &V9, diotk, .....»•■. St .SO 

Hotor VeMclcf for BusJne^^ PurpoMi. dvo, cloth, 

frit]xnit«4) nri s:f so. 

Refri^eratiDg and Ice-tnakicc Machinery, A Descd;^ 

lire TrnttlnL' for xh*^ u*v of fji-niviia r^iipln^iry; rr^friicrrMidjt iii>'I 

Rcfrinraticn and Cold SCorafc: bciae a Complete 

papk, 9G1 ducruiu Aod ticiuv. 8to, doth - , m f, M ^ 50 

Sugar Machinery. A DescriptWe Treatise, devoted 

Caav lUid 11i-i?t Sjpm, \2tuo. d<i(li. ilJiiHEmtiO, ,.-... 13 00 

WAflKLYW. f. A. A Practical Treatise on the Exam- 

iiuitLcn of SdJk n&d ■;« Dorivatiroi. Croaju, DutLor oimI Chocvc 
i:ftno, doth- 11.00 

Water AnaJyns. A Practical Treatise on the Exam- 

InoUca of PutnLfc Water. Ttr^th E-htufu. l£iiiH>, clutb ... 12.00 

VAiVSBR0l7GH, W. D. The A B C of the DUterentia] 
CUculiu, 12nto. ebttL SL,W 

WARD, J. H. Steam for the UilUon. A Popular Treat- 
w u(i ;-^rAun, mill iLi appljcatiou u> the Lsofiil Aiti, apDcialK to 
IlftVLKaUutL 8ro,ctotlL $i-OD 

WARIWG, G. E., Jr Sewerage and Land Drainage. 

|]|ii^mift4 virh wrHKlf-au iti t^i*' tftl, atvL fnll-jngi* an*! fnLiijig 
pliUM. iVruf HitUion _ InPnm. 

— ^ Modem Methods of Sewage DitposaU for Towiul 

pLiMir lri>tUUL|uiLt aj^J Ihj1^i[l-<] llirusi^. Stcond tiiiiltort^ rn^iM 
DaJ rnfafynf. 300 H«ve. lUmimtcJ. Outb.- |3 00 



D. VAN WMTEAKD COUPANrS 

WARHTG, G. E^ Jr. How to Dmia m House. Pnctlcfti' 
InturmaULji) for lioitf«bdld«B. TK^ £d»ii^, «iUdry«d. Jtoo, 
doth. 11.25 

WARRElf F. D, HsndlMxA on It^nfomd Conctete. 

] 6mti, tlir b. iUii*irftl-U w(. S2 flD 

WATSOn, E, p. Small Engines uid BoUfra. A Manual 

of C'cinnu nhd Spofillc |>in«lLonK Icr tho C'oiurTnimAQ d| Small 
iiuwm-tin^TiM lULil FViilArPL »r Mfvii^rri TvpM fronii Arn llan^ 
power dunti ta modd vit^L lUusinte^ «tUi Nunitvouf l>iii- 
fraiEM AJid Uaif'luUD CutA \'2ttba. iLulL , . _ _ - . $1 .25 

WATT, A. Electro-pUti&c aad Elcctro-refliunc of Hctala: 

bciiij; o ii*w edition oi Aleiftiidcr Watlj' ''ELccln>Drpa^tioii." 
Jie\-\/irJ ami iaryriy rru-nJ'Jfii bj ArfKitd Vhdi^. Mix^ ^lUt 
numrrouQ HifunM and anKravinfc^ 6^^, rlo4b, iIlaMrM«iL 980 
po««^ «i,^,60 

£I«ctro-m«tflllurgy Practicjilly TfctM. Eleventh 

iCdttion, et^ntid^rahiij rSarycd. lSiiii^,ciotb,. ---.•'. $1-00 

^— The Art of Soap^imlcing. A Pmctics] Handbook of 

thr Mnmifiirliin* -if Hrir^I f>mi S<»ft Aiftji*, Tuili'T. "^ui™ Hr. In- 
cluding mnnj Nmv rrnrpnnw, find n CluLpiOF on Xhn lE«cov«iy <if 
Ut}'i'miir^ fnjiii Wk^U* L>m ^^illi iUunintiuiUL /*t/CA Ktitli^n, 
nvitrd and eniarutd. Hv^, chih. SS-UO 



The Aft of Leather Kanufacture: bdog a Praetkal 

Loathci Drraiinp! arc Fully 1>r9mbiHl, aaJ the IViacjplvtt <4 
TAnnuiK E)iplt»»ud» lukil m&av Hocout I'roceaM* laUoduc«d. 
Willi numnroiu illuHtmUoHA. Ane Ji^iHon. /« i^kt. 

WEALE. J. A DJctionBjj of Tenns Used m Ardutecture, 

Arl«, do,. HiEh explanatory ol»m'alLutifi niimecteJ with a^jrlji-rl 
gcienoe nod Art. Fifth Ediiimt, pn<hi«^ and cflnw*pif, t2Kio, 
doth 12, 5Q 

WESB, H, L, A PracticAl Guide to the Teetuis of losu'- 

latwlWiraAJidCvblc* lUu«trAt«d. 13m<r,ototh $1.00 

- — The Tetephone Ujmdbook. i^S lUostxationc, 14^ 
pi^«a. I61UU, oLgU ll.t)0 



SCIESHFIC PUBLICATION^ Q 

V££££S, JL V. Tbt D«slg& of Altoraati Cumnt TTftOK 
lonMnh JlliutrciUd. t'Jnw, oJoth, ,.,...,.. fl.OO 

WEISBACH, J. A MaquoI of TlwortticftI ICtcluniCE. 

Xi^tK ^vtcrwan tdM^n. iVan^lAtr^ fn^tn tti« f->iirlla iLUfmcntiyl 
IkDd i^pn>\isl Givnuii edhiOD, vithbfi lutroducttoa to thoC'Aleiiius 
by Krkiay U. fUix^, A.H.. Hliitiig Kb^iur, 1,1UI> pAfW Aad 002 

wiVKlrullU'jftnUoni. Mrt, dvth,. . . ... ftft.OO 

ahr<p^ f7,» 

and HERRMAIOr, G. Heehdnio of Air Machloary. 

Aulbori«od f.rb(i«liktLc<i]^ wi(d an ApwmUx >>rt Amcnrodi pmotjce 
by A, rro^bridge^ Wtth tkfur««, on^ruoM. uiui loIdJng pbtlo*. 
Svo. itlcib. £llui>ini«d n«f, $3 75 

W&STOIV, E. B. Tflble^ Shmrins Loss of Head Due to 
WEYHOUTH, F. M- Drum Armatures And CommiiUton. 

(Tbcon 4iiJ rrattkc.) A conisjctp Trt\iLiaf on iL-: Tlieory 
&iid CuEujinutLuA <if Drufii ^'jridiri^, jiikI i>r i^>rTiMiulrit«>r* lor 
cJoi«d-oul unuiUlnM, t^Ei*tla«r with & fulJ rfv\uti^> of k>iiii< nf Iho 
prindpAJ pointtf involvM in their dui^ip niul ac cipoaiLion of 
luniMurr rntolloni ami ^parictng. Svo. dcith , . . . 13 cn 

WHEELER, J, B., Prof- Art of War, A Course of 

Uir'i'iii ' vi>u in ihf dtm^riLfl of tlie An and Science ttt Wnr. fcT 
4ht Urr <fr tha OhiuIoia of the I'uitoi f^Utcs MQltAfy AcAndemT. 
WrrtPoint, N.V. rJ«i«,dolh , |l-75 

- — Field Fortificatioai. The Elemccts of Field Fortl- 

5('4klic>fui4 fof ttid U«o «C 11^ CadifrU o( llio Cnilod Sutu Mililuy 
A™d*»mj', W«iromt>N.V, limo, cloth,. H-75 

WHIPPLE, St C^, Afl Elemenury and Practical Treatise 
on linilg« UutEdiQg. avo, doih t<t.UU 

WHITE, W. H., K.C.B A Manual of ffaval Architecture, 

tor li»* oi UlficePi of thff Uiiyoi \ftvy, Offiopi* ..if Ihe Vcrcnnlile 
Mahno, Viuhlnmert. Sliipamiifn uid Shipbuilders, (.'oniaknir^i; 
tatJxy &rir«*. diiJjcr&rm And tabTivi. Thlrk, Rvo, rlr^th, itlii*- 
imt^! I^OO 

WlL^mSOff, H. D. Submaiine Cable-Uymg^ Repairiog, 
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n. VAX Nf>f5TRASn COMPANY'S 



WTUIABISON, R. 3. Ob tbc Use of the BArorattM' OA 

8unT7V n-icl HvraairoinBiinB Pafi 1 ^iHmmVf^cy i-i i'j tV.Tw 
WiUi iiClUfifutivc ublvi nuiJ Tt^inkviiici. 4Ui. cfatb — Sid W 

■■■ 'Praclical T«UeH in Meteorology and HypuiiRciry, In 
nmvcUfO nitbttifiiiiviir tIi«liuaiiDitfr- 4to,riaib^ - tJ M 

WILSON, Q. iDOTzoDic Chemirtry, with Pfew IVoUtioo. 
It^vtdHl nnd tulftncvii by H, O. MidsAn A'™- -Wi/ipn I2iito, 
deth ,... ,.... . . ... $2.00 

WILLS01T, F. IT. Theoretical Attd Pr&ctic&I Grapbks. 

All hlclui-jilkiiiftl O^anc iJti I'ut 'ftmitvuril rnutiiT*! p\| )4iniifvnfl 
of DHrriptii« OaomeliT and iAcctuuml Dnviqc. Pn-pnn.il 
tar ntnilciit* id GtaenA Qe'tcrux, Ed^rftviag. or ArrlikiniQrv, 
Third Kdititn, rcti*ti, 4to, doth, illtuliai«4 mt, fl GO 

Not«-takiflgi DimcQBioDing and Lcttcrmg. 4tOt Ctoth, 

UluDtfHlo] >wi»Si.2a 

Third Aa|^« Uethod of HAkicie W^rkiBC DnwiDi;*, 

44o,dutti. JhotrjlcJ. . itfl, tl ,23 

Sotne MflthematicaJ Curvf», and Tbeir Grmptaical 

r-MiKtrurLloii- 4tA, floth. UlnnErativl . iw«. $| AO 

— ^Practical Eagineeruig, Drawiiig, and Third Aogle 

Proj(Tl)uii. 4Uj. i-loth. illu>u%li3d . mt, Si.JsU 

— ^ Shades, Shadows, and LInaaf P«rep«cliTe, 4ro, aolh. 
iUxitii miv*! ■»*, SI . iK) 

DescriptiTc Otometry — Pure and Ap|i1kd, with a 

chnpttr on Utglier Visits Cvrru. aikJ llu^ A«ltK- 4to. vloih 
iUualr»lod, iwtf, t3 TO 



WHTKLEH. C, and LTTITGE, G. Handbook of TM&nlait 

/um- 'IWnBlnlrd fmm thh' :hird prmfJ) mLJhnml C^^ainun ^d^io«i, 
Hitb iK>]n>' a^klUidiifi by Geur^ T^jjiiie. Tb^D. 8vo, cloth, llltii^ 
bAMd, IW iJ[t£« $i OQ 
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WOODBURY, D. V. TrtAtise on tb« Various ESemeala 

v4 SiatUiity In tbe WcL'|;rri4KKliiiivil XkH- With ftWHenHia 
UtuAr*:^ ^ fl 00 

WRIGHT, A. C AiuI/»:^ of OU5 and MUc^ SubsUnces. 

— Sttipk Uttbod for Tcstinc Painuzfl- HateriaU. 8to, 
fUcfc. l«Ot«c«- flit, 12 50 

W1U0HT, T. W., Prof 1 Union CoXlmgti.) BIcfDints of 
Ucchjinici; Uidudrng Kinomuiiu. KmKk* And Sldfie*. With Ap- 
ptiiMtknii Thin! icJitiun, mucd mid t ni arft d ^ 8v%j^ <toab . . S2 AO 

and HAYFOPD, J. F. Adjustmomof Otraorvatione 

Work 6'«roib' ^d^tiott, rmprttUn. BvOi dolt, iliualratcd- n«f, IS fX) 

TOOTO, J. E. Electrical Teatiag for Telegraph Eiigunfera, 

Wilh Ap;n?riJu"W foiiiniiuijn i/iTxblve. fiio, rloih. illji H Ort 

YOUFG S£AMAI«*$ MANUAL. Compiled from Various 
AuthoTilit*, biid Lllwinit«<i itiih N\unoroo> Ori^ul and Select 
Dui^iui, br tlM Um oI the I'ljitod Sulci TnilDbx HUp* aad the 
MutM Scbool*. 8vo, half roHtt S3. 00 

ZEITNER. Am Dr. T«chnicja Tb^rmodynuBlca, ItUI^ 

l«t«d fna Ihc <limum, by Pral.J. V Kkin^ L«|a^ UpfWaitX' 
ai«, doth » at Ut rated M i'rcM. 

ZIMMER, G- F. Mechanical Handling of Ual«riaL. Be- 

LAg a tr««tij« en tno tm^idlitig of uiiki^riai. auch bt cn^, ort» lim- 
btr. Ol«-. hy ajtonmtLo and flAcaB-4Utdrri&lic mubinnry. loc^tbcd 
uttn ttw i'«ririii« jirr-frM^irJM iijw>d \t\ Ihn manitnitolidfi nF rniph 

ehiic, ^» dpnliiMC fully with tbc handling, tltuing. nnd tnr^ 
nwiEnf of gmlii, VTJth 542 flgarcHH dlwruiw, fultpac« &nd fold- 
ugtpUt». hoysld^o, <.lollL.illiMm«£ lUl.SlO.OO 



ZIPSER, J. Textile Raw Uatenals, and Their Comersioa 

ijiUi VumK Tli'- r^iu^'-^ <if Llir Kaw Miitr'ri»b Hrjd llv^ TecLuok^v 
of Ihc Bpinnine rrocnn. A Text-book for Te^iilr. Trrulo nnj 
bigbcr Tvebriiciil Sh^iiJip aa (J» for vlf inffiniclioni, Bodfii upoD 
tho ordiiLnn' *rlTji'>wi und cvirrtruTum of thi; IdBjicTLAl vid Iteval 
VTwvjni: S«bool« 'IVmiiUt*^ frvcn the Gcrmiioi byChu. giilCfrT. 
Sro, doth, illu^nitftJ wCtA-03 
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'TyitSy at* ^ a^ ni «i Hiit/»ni. •*)!. and oiffAitiw farm, ttm^, 
ftmrnKtiy a^i^mi^K ih^sTintwr imd ttairnct a tn-i^f fa%z* of i'Jp^^. ^id 

1T«. 1. CBnUirYS FOR FUniTACfie AVD STEAM BOILERS By 

KitigbC' b>- r C Id*!! M E 
Ha i. STEAH^BOtLER EXPLOS105S By Zttah CoIUm Iftv 

F«. J. PRACnCAL DEStOKING OF RETAlMJffO-WALLS, FauHb 
niiiiot\ by l^r, W, Oim. 

tfo. 4, l>KOPUftTlOnb OF Pins USEI> £» URUWeS. Sy Cbulvt 

K. iViniliT, CMC, SitoiiiJ *(liiion, wittt Aff-^tniiiC- 

Mo. J. VF,rrraArtON op BUILDISOS- Bj Wn. G. Soow, SR. aad 
TW. Solan, A.M. 

JTd, Q. Off TU£ DESlONinO AlfD CONSTRUCTION OF STOAAOE 
Rofers'oirt, ll> Arthur Ju^ob, RA. Third .\in«Hc>i£i odit>oa, 
nvUod. ^ib ttddi^oQA by IX Sbcrauo Gould- 

fr«, 7. S0ECBASOED AND DIFFERENT FORMS OP RETAtNlHO* 
No. S, A TREATISE OH TOE COMPOUND STEAM-EVGDtE By 

K«, 9. A TREATISE Olf FUEL Br Arthiu V. Abbott. OE. Foudt4 

en ihft i-trj^mul ir»jiti»* oi I '. W mjimi Sifimftn*, U.r 1, Third *<L 

Ifo. ra- COBrtPOtTNIl RKfillfES TrsniiiitH] from Iht FrMfh of A. 

MftlM ?Vrvirir| Mliiinii, n.*vjw'(l wi(l) ithulu tt( AiiLrrir&Ji I'nu^ 
ticc. bj- Ridiord [I. Bud, C.E, 

Ho. n. THEORY OF ARCHES, By P^^' V- *»*>»- 

ffo. 11. THEORY OF VOUSSOIR ARCBKS. By Pr«f, Wa, CaLcl 
Third «dJt>on. rcvicoil lutd OCiLu;gii 

Bo. 13. GASES MET WTTB 1H COAL HHIIiS. 1^ T. T. AtklMOB. 
Tli'u^l vtliut.\u. i^y'wvil Mid filnrurri. (o vSiJch u idAu TIb AcPlkui 
of Cod DU9U by Edwjinl H. WlIUauu, Jr. 
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D, VAN KOCTRAND OO.'S MiBtffUIC FUBUCATIONS 
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